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ABSTRACT 
 
OBJECTIVE:  To determine the most effective chiropractic treatment protocol in the 
management of chronic non-complicated low back pain. This was determined by 
comparing subjective and objective results gained from two treatment protocols, one of 
which included corrective spinal manipulative therapy directed towards the lumbar spine 
and pelvis with the implementation of an independent home prescribed rehabilitation 
program. 
 
The second treatment protocol consisted of a combination of corrective spinal 
manipulative therapy directed towards the lumbar spine and pelvis with the 
implementation of a spinal rehabilitation program under the close supervision and 
guidance of the researcher. 
 
DESIGN:  The study was a clinical trial, which consisted of two groups of 15 patients 
each. These patients were procured using information pamphlets and advertising posters 
and were selected on the basis of particular inclusion and exclusion criteria.  
 
In addition, the selected candidates were also required to have a static isometric back 
extensor endurance test of 55 seconds and less as well as a decreased lumbar range of 
motion in the sagittal plane.  
 
INTERVENTION AND DURATION:  Once the patients were randomized into two 
groups, the respective treatment protocols were implemented over a six week period. The 
control group was prescribed with a home exercise spinal rehabilitation program and the 
experimental group received a supervised spinal rehabilitation program.  
 
Both groups received chiropractic manipulation to the lumbar spine and pelvis to restore 
mobility and correct the mechanical dysfunction in the hypomobile joint. The frequency 
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of follow-ups for this study was three times weekly for the first and second weeks, twice 
weekly for the third and fourth weeks, and then once weekly for the fifth and six weeks.  
MEASUREMENTS:  Objective measurements included lumbar spine flexion and 
extension range of motion and Sorenson’s test. Subjective measurements were the 
Oswestry Low Back Pain and Disability Index and Numerical Pain Rating Scale 101 
questionnaires. Measurements were taken at the first, sixth and twelfth consultations.  
 
CONCLUSION:  The aim of this study was to determine whether chiropractic care in 
conjunction with a supervised “in-office” spinal rehabilitation program would prove to be 
a more effective method in decreasing low back pain measurements and indices when 
compared to a home prescribed exercise program in the management of chronic low back 
pain.  
 
Although the supervised group did show improvements on the areas indicated, none of 
the two groups showed statistically significant differences. Therefore it can be concluded 
from the results of this study that the home exercise group demonstrated as good a 
response as the supervised exercise group thus highlighting the positive effects of the 
adjustment alone. 
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CHAPTER ONE 
 
 
 
 
 
INTRODUCTION 
 
 
 
 
 
 
 
 
 
1.1 GENERAL INTRODUCTION 
 1
 
According to Halderman (1993:32), an extensive volume of research exists 
demonstrating that strengthening exercises together with improvement of cardiovascular 
fitness and functional musculoskeletal restoration can reduce disability and possibly pain 
in patients with chronic low back pain. Active rehabilitation not only restores function, 
but is also strongly associated with pain reduction, marked increase in muscle strength, 
and, joint range and flexibility. (Halderman 1993:32) 
 
A significant number of patients complain of residual pain which often persists after 
having received chiropractic care along with pain coping strategies such as icing, 
relaxing, and, stretching. Continued home strengthening programs are encouraged so as 
to maintain their functional goals and to promote long-term health. The problem lies in 
whether or not the patient actually follows through with the prescribed treatment, 
complies with the proposed regime and makes the changes necessary in daily life. 
(Hooper 1992:140 and 141) 
 
Home-based exercise programs frequently terminate when the patient has achieved 
clinical goals such as reduction and elimination of pain. “Patient compliance” is referred 
to as the cooperation of the patient with the recommendations of the clinician, which can 
be a most complex and frustrating topic, from the clinicians’ point of view. (Hooper 
1992:140). According to Hooper (1992:140) patients continue to remain non-compliant 
to prescribed routines despite the recognized benefits of at home exercise programs and 
this often reduces the probability of successful outcome therapeutic intervention.  
 
A study by Guerriero, Rajwani, Gray, Platnick, DaRe & Dadsworth (1999:89-101) 
evaluated the effectiveness of physical rehabilitation of low back pain patients in a 
multidisciplinary setting. They found that moderately disabled patients with chronic low 
back pain who attended a back school and fitness program benefited more in the short 
and long term than those patients who attended a back school and exercised 
independently at home. It is thus imperative to improve compliance to prescribed home-
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based exercise programs when attempting to achieve a therapeutic outcome and enhanced 
quality of life in an individual with low back pain (Milroy & O’Neil 2000:143) 
 
Hooper (1992:83) commented that an inverse relationship exists between the levels of 
flexibility and the incidence of back pain. Decreased flexibility, poor posture, poor body 
mechanics and improper daily habits are perhaps some of the major contributing factors 
in the alarming incidence of low back pain. (Hooper 1992:83) McKenzie in Hooper 
(1992:83), reports that patients with non-complicated low back pain often demonstrate 
weakness of the lumbar extensor muscles. 
 
Thirty patients were subsequently divided into two randomised groups, an experimental 
group, which consists of patients who were supervised through the spinal rehabilitation 
program; and, a control group with patients who received an independent home exercise 
program. Both groups received chiropractic manipulation to the lumbar spine and pelvis 
to restore mobility and correct any mechanical dysfunction in a hypomobile joint over a 
period of six weeks. 
 
The participants were required to have a Sorensen test score of 55 seconds or less to be 
accepted into the study. (Biering-Sorensen 2001:112) An additional requirement was a 
decreased lumbar range of movement in flexion and extension, which was measured with 
the use of the digital inclinometer. 
 
1.2 AIM OF THE STUDY 
 
The aim of this study was to determine whether chiropractic care in conjunction with a 
supervised “in-office” spinal rehabilitation program would prove to be a more effective 
method in decreasing low back pain measurements and indices as opposed to an 
unsupervised exercise program over a six week period. 
 
Should this combination prove to be effective, it may assist the mindset of patients with 
chronic low back pain, that they play a major and contributory role in the management of 
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their condition, i.e. as the doctor’s passive role diminishes, so their active participation 
increases over time. 
 
This study attempts to establish whether a link exists between compliance and a 
successful outcome result in the management of low back pain. In addition, it may 
indicate that muscles play an important role in chronic low back pain with respect to their 
rehabilitative management. 
 
1.3 BENEFITS OF THE STUDY 
 
The current study may: 
• Provide a more effective means of spinal rehabilitation with the use of visual aids 
and instructions detailing the exercises to be performed. In addition, the 
incorporation of adjunctive exercise equipment such as the gym ball challenges 
the proprioceptive and stabilization skills in the patient. This could possibly 
encourage patient compliance to home prescribed exercises 
   
• Promote the awareness of the role of patient’s from one of a passive, dependant 
recipient of care to an active participant engaged in the process of rehabilitation. 
The doctor thus assumes the role of that of a “helper” rather than a “healer” 
 
• Provide an effective means by allowing the patient to assume a more active role in 
healing process by virtue of the visual aids detailing the exercises to be performed 
 
• Shed some light as to the reason why some patients remain non-compliant with 
home prescribed exercise programs  
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CHAPTER TWO  
 
 
 
LITERATURE REVIEW 
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2.1 ANATOMY OF THE LUMBAR STABILIZERS 
 
According to Taylor & Twomey (1994:252) the muscles of the trunk and pelvis 
contribute towards the control of the lumbar spine movement. The lumbar stabilizing 
muscles, which include the abdominals, the erector spinae, multifidi and quadratus 
lumborum muscles, play key roles in spinal support and control. The anatomical design 
and location of these muscles provide a dynamic corset-like structure suitable for 
stabilization, support and the coordination of muscle contraction to bring about controlled 
movement. 
 
The rectus abdominis muscle with the internal and external oblique abdominals act in 
synergy with the erector spinae and multifidi respectively. The combined action of these 
muscles produces and augments control of primary movement in all three planes of 
motion. (Norris 2000:55) Optimal and safe functioning of these muscles, especially in the 
sagittal plane, is commensurate with their automatic recruitment to a level sufficient to 
support the trunk when it is required to carry a load and to perform common daily 
activities. (Taylor & Twomey 1994:252-253) 
 
In summary, facilitation of co-contraction of all muscles associated with the lumbar 
region contributes in some way to its stabilization. It is argued that the function of some 
specific muscle is more aligned to a supporting role thus enhancing spinal stability. 
(Norris 2000:49) 
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2.1.1 The Abdominal Muscles 
 
The abdominal muscle group consists of four muscles, divided into two groups. The deep 
(anterolateral) abdominals are the transversus abdominis and internal oblique; the 
superficial (anterior) abdominals are the rectus abdominis and external oblique. (Norris 
2000:55-59) (Figure 1) 
 
 
Figure 1: An anterior view of the muscles of the abdominal wall. (Marieb 1992:307) 
 
2.1.1.a The Superficial Abdominals 
 
The rectus abdominis muscle is located at the anterior aspect of the abdomen with its 
fibres orientated vertically. The muscle originates from the symphysis pubis and pubic 
crest and attaches to the xiphoid process and to the cartilage of the fifth, sixth and seventh 
ribs, being broader superiorly. Each rectus muscle is enclosed within a fibrous sheath 
formed from the aponeuroses of the internal and external oblique muscles and of the linea 
alba. (Simons & Travell I 1999:668-669) 
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The external oblique muscle fibers run inferio-medially to the iliac crest. It attaches to 
the external surfaces of the lower eight ribs and their costal cartilages and then passes 
towards the midline. The muscle interdigitates with the serratus anterior above, and the 
latissimus dorsi below. The lateral fibres of the external oblique muscle are almost 
vertical and attach to the iliac crest, while the medial fibres attach into the rectus sheath. 
(Norris 2000:56-57) 
 
The rectus abdominis and lateral fibres of external oblique are the prime movers of spinal 
flexion. The rectus abdominus flexes the trunk by approximating the pelvis and rib cage. 
It has an important overall postural role in preserving lumbar lordosis. It also increases 
intra-abdominal pressure by the tension it creates in the anterior abdominal wall. The 
external oblique and rectus abdominis flexes the lumbosacral junction by rotating the 
pelvis posteriorly thus decreasing the lumbosacral angle. A decrease in the lumbosacral 
angle results in decreased anterior shear at the lumbosacral junction. This decreased 
compressive force on the apophyseal joints reduces the activity of the erector spinae 
muscles. (DeRosa & Porterfield 1998:89-90) 
 
2.1.1.b The Deep Abdominals 
 
The internal abdominal oblique muscle lies deep to the external oblique and attaches to 
the lateral half of the inguinal ligament, the iliac crest, and the inferior portion of the 
lateral raphe of the thoracolumbar fascia. The muscle then extends superior-medially to 
insert into the costal cartilages of the last three to four ribs, the abdominal aponeurosis, 
and the linea alba. (Norris 2000:57) 
 
The transversus abdominis muscle is located deep to the internal oblique muscle. It is 
attached to the lateral one-third of the inguinal ligament, the inner lip of the iliac crest 
and the thoracolumbar fascia in a common attachment shared with the internal oblique 
muscle. The fiber direction is more horizontal than that of the internal oblique 
aponeurosis and the linea alba. (Simons & Travell I 1999:666) 
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The internal oblique and transversus abdominis have a direct potential stabilizing role on 
the spine. The function of these muscles include compressing the abdominal contents 
posteriorly against the spine, increasing tension through the thoracolumbar fascia that 
supports the lower back and reduces the strain on the posterior erector spinae muscles. 
(Norris 2000:58-59) 
 
Richardson, Toppenberg & Jull (1999:655) stated that the transversus abdominis creates a 
rigid corset, which not only enhances the stiffness of the lumbar spine but also restricts 
translatory and rotational forces of motion of the spine through lateral tension on the 
transverse processes of the lumbar vertebrae. Hodges & Richardson (1999:655) found 
that the transversus abdominis is of an intrinsically unstable design and dysfunction of 
this muscle results in inadequate control of the spine against the forces that challenge the 
integrity of the spine. This places the spine at an increased risk to injury. 
 
The muscles comprising the lateral abdominal wall i.e. external and abdominal oblique 
muscles, and the transversus abdominis muscle are supplied by the segmental branch of 
T8 to T12 intercostal nerves, and by branches of the iliohypogastric and ilioinguinal 
nerves. The transversus abdominis muscle also receives additional supply from T7 
intercostal nerves. The rectus abdominis muscle forming the anterior abdominal wall is 
innervated by the T7 to T12 intercostal nerves. (DeRosa & Porterfield 1998:33-34)  
 
2.1.2 The Spinal Extensor Muscles  
 
The spinal extensors are broadly categorized into the superficial muscles (erector spinae) 
that extend across length of the lumbar spine and attach to the sacrum and pelvis, and the 
deep, or intersegmental muscles (multifidi and quadratus lumborum) that span the spaces 
between the individual lumbar segments. (Norris 2000:52) (Figure 2) 
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Figure 2: Posterior view of the spinal extensors and the erector spinae aponeurosis. 
(Marieb 1992:303) 
 
2.1.2.a The Superficial Extensors  
 
The lumbar erector spinae consists of two important muscles, the more medial 
longissimus and the laterally placed iliocostalis thoracis. They arise from the anterior 
aspect of a flat broad aponeurotic tendon, the erector spinae aponeurosis and the iliac 
crest. Both these muscles extend across the thoracic spine with only the iliocostalis 
muscle reaching the sacrum across the lumbar spine. (Simons & Travell I 1999:640-641) 
 
The longissimus muscle, lying medially, extends superiorly and attaches to the transverse 
processes of all the thoracic vertebrae and the adjacent first to nine ribs. Inferiorly, it 
attaches the lumbar transverse processes and the lumbocostal aponeurosis. (Simons & 
Travell I 1999:640-641) 
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 The iliocostalis thoracis attaches above to the transverse processes of all the cervical 
vertebrae and to the angles of the first six ribs. Inferiorly, it attaches to the angles of the 
lower six ribs. The iliocostalis lumborum attaches superiorly to the lowest six ribs at their 
angles and extends inferiorly towards the sacrum. (Simons & Travell I 1999:641) 
 
Even though the superficial erector spinae muscles do not attach directly to the lumbar 
spinae, they serve as an optimal lever arm for lumbar extension by virtue of their 
attachments. An extension movement of the lumbar spine is created by the drawing of the 
thorax posteriorly thereby increasing the lumbar lordosis. In addition, they function 
eccentrically to control the descent of the spine during flexion, and isometrically control 
the position of the lumbar spine with respect to the pelvis during functional movements. 
(De Rosa & Porterfield 1998:70) 
 
Towards the end range of flexion, stabilization of the spine is relinquished or transferred 
to the non-contractile structures such as the fascial and ligamentous elements. At this 
point the muscle is stretched to a length that minimizes its ability to contract. 
 
The attachment of the superficial erector spinae muscles also has an influence on 
sacroiliac joint mechanics. Due to the attachment of the erector spinae aponeurosis to the 
sacrum, the force of the muscle tendon on the posterior aspect of the sacrum induces a 
flexion or nutation movement of the sacrum on the ilium. This nutation movement causes 
an increase in the tension of the sacrotuberous and interosseous ligaments thereby locking 
the pelvis. Thus the maintenance of the strength of the superficial erector spinae is 
essential since it contributes to the stability of the sacroiliac joints due to this induced 
flexion movement. (DeRosa & Porterfield 1998:73) 
 
A branch of the dorsal primary division of spinal nerves innervates the paraspinal 
muscles. The medial branch of the dorsal primary ramus division supplies the deeper 
spinal muscles i.e. the multifidi and rotatores muscles. The lateral branch of the division 
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innervates the more superficial muscles i.e. the erector spinae muscles. (DeRosa & 
Porterfield 1998:73) 
 
2.1.2.b The Deep Extensors  
 
The multifidus muscle, being one of the more deeply placed intersegmental muscles, is 
inherently important for lumbar stability. In the lumbopelvic region the multifidus arises 
from the posterior surface of the sacrum, sacrotuberous ligament, erector spinae 
aponeurosis, medial surface of the posterior superior iliac spine and the posterior 
sacroiliac ligament. The muscle then travels superio-medially and attaches to the spinous 
processes of the lumbar and sacral vertebrae. (Simons & Travell I 1999:641) 
 
The multifidus muscle spans several spinal segments and plays a major role as the 
primary mover and stabilizer of the lumbar spine. The attachment of the muscle to the 
spinous processes results in an effective lever arm for lumbar extension. Contraction of 
the muscle helps to control the rate and magnitude of the forces of flexion and anterior 
shear during flexion. (DeRosa & Porterfield 1998:76-77) The multifidus muscle is active 
throughout the entire trunk flexion range, especially when rotary forces are induced. (Cox 
1999:654) The extensive direct attachment of the multifidus muscle to the lower spine 
makes it a prime candidate for reflex muscle guarding due to low back injury. (Johnson 
2002:32) 
 
The multifidus muscle also contributes dynamically to the stability of the sacroiliac joint 
by virtue of its attachment to the sacrotuberous ligaments. Contraction of the multifidus 
muscle imparts tension to the sacrotuberous ligament, which potentially increases the 
ligamentous stabilizing mechanism of the sacroiliac joint. 
 
According to Johnson (2002:30), morphological changes, such as wasting or atrophy of 
the multifidus muscle have been demonstrated on the symptomatic side shortly after the 
first episode of low back pain. These changes often persist long after the remission of 
symptoms from the first episode of low back pain. It is evident from the literature that 
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optimising the strength and girth of the multifidus and erector spinae muscle is essential 
for a successful spinal rehabilitation program. It has been suggested that intensive spinal 
exercises, particularly those focused on resistance exercises to the extensor muscles, are 
of benefit to patients with low back pain. (DeRosa & Porterfield 1998:81) 
 
Deep to the erector spinae muscle lies the quadratus lumborum muscle which has both 
medial and lateral fibre components. The medial fibres connect the lumbar transverse 
processes to the iliac crest (iliotranverse) and the lower ribs (costotransverse). The lateral 
fibers directly connect the iliac crest to the lower ribs (iliocostal). (Norris 2000:54) 
 
The role of the quadratus lumborum muscle as a potential stabilizer of the lumbar spine 
expands the traditionally recognized role of the muscle as a prime mover of lateral 
flexion and as an accessary muscle of respiration. In the upright position, the function of 
the quadratus lumborum muscle includes controlling lateral flexion to the opposite side 
by a lengthening contraction; stabilizing the lumbar spine on the pelvis as well as fixing 
the twelfth rib during inhalation and forced expiration. (Simons & Travell II 1999:632) 
 
In addition, the quadratus lumborum muscle functions in association with the iliolumbar 
ligament and deep portion of the erector spinae to maintain stability of the lumbar spine 
and pelvis in the sagittal planes. The iliolumbar ligament anchors the L5 vertebra down 
onto the S1 vertebral body while the quadratus lumborum dynamically contributes to its 
stabilization. (DeRosa & Porterfield 1998:77-81) 
 
A branch of the dorsal primary division of spinal nerves innervates the paraspinal 
muscles. The medial branch of the dorsal primary ramus division supplies the deeper 
spinal muscles such as the multifidi and rotators muscles. The lateral branch of the 
division innervates the more superficial muscles such as the erector spinae muscles. 
(DeRosa & Porterfield 1998:84) Branches of the lumbar plexus from spinal nerves T12 
and L1-L4 innervate the quadratus lumborum muscle. (Simons & Travell II 1999:643) 
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2.1.3 Muscle Imbalances Associated with the Lumbar Spine 
 
According to Stude (1999:46), muscles are the medium through which the central motor 
commands or reflex spinal activity compensates for any disturbance such as injury or 
trauma. Certain muscles will typically react when specific joints are injured or 
dysfunctional. Simultaneously, joint movement is altered to compensate for an injured 
muscle or other soft tissue injury. (Stude 1999: 46)  
 
Janda & Jull (1987:415-418) suggest that the basis of muscle imbalances comes from our 
predictable response to stressful environmental demands (such as constrained postures, 
repetitive tasks, gravity stress, and inactivity). Postural (antigravity) muscles tend 
towards overuse, eventually shortening and becoming hypertonic. When muscles are 
overactive, increased pressure and strain develops in the joint capsule and the 
tendoperiosteal junction.  
 
The phasic muscles, in comparison, tend toward overuse and weakness and become 
inhibited in addition to becoming hypotonic. When muscles are inactive, they are less 
readily activated during movement patterns and tend to change the normal sequence of 
movement patterns. (Stude 1999:46) 
 
A prolonged hyperactive state of contraction in the lumbar extensor muscles (postural 
muscles) from overuse leads to a lengthening effect on the abdominal muscles. As a 
result the actions of the abdominal muscles are reciprocally inhibited causing the muscles 
to weaken. An active biomechanical imbalance is created by the shortened lumbar 
extensor muscle group, which mechanically limits and predominates normal range of 
motion of the abdominal muscle. (Cox 1999:657) 
 
The hypertonicity in the postural muscles leads to ischaemia, altered muscle metabolism 
due to reduced circulation further aggravating pain and sustaining the hyperactive state in 
the muscle. (Hammer 1999:415-417) This sustained contraction results in a decrease in 
blood flow in the localised area. The reduced circulation causes an increase in 
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metabolites, which sensitises the nerve endings producing a palpable taut band, 
commonly associated with trigger points. 
 
The shortened state of the lumbar extensors causes an anterior tilt of the pelvis producing 
an increased compressive force on the facet joints. As the lumbar lordosis is accentuated, 
the facet joints become forced to bare excessive loads for which they are not anatomically 
designed to carry. This results in straining and eventual tearing of the joint capsule 
causing a small degree of subluxation to occur. (Stude 1999:45) According to Hammer 
(1999:417) this imbalance may overstress the L5-S1 region causing hypermobility in the 
area as well as irritation and pain. In the event of weak glutei, the hamstring muscles 
become overactive and tight in an attempt to reduce the pelvic tilt. 
 
Due to the weak and inhibited state of the lumbar flexors, poorer stability for the 
posterior articular joints results, including compensatory joint fixation or joint 
hypermobility. This can be attributed to the slow speed of activating inhibited muscles, 
which makes the joints more vulnerable. (Hammer 1999:415-417) 
 
The overactivity of the spinal extensor and hip flexor muscles, as well as, the weakness 
of the abdominal and gluteal muscles is known as “pelvic crossed syndrome.”(Hammer 
1999:417) This “layer” syndrome includes generalized deconditioning and extensive 
muscle imbalances throughout the body. Dynamically, the hypertonic erector spinae and 
the hypotonic iliopsoas muscle and the weak and/or inhibited gluteal muscles effectively 
decrease hip extension during gait. (Cox 1999:658)  
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Figure 3: Muscle imbalances illustrating weakness of the abdominal wall, which 
results in an increase in the anterior rotary motion of the pelvis. This motion increases 
extension and compression loading to the lumbar facets 
(DeRosa & Porterfield 1998:136) 
 
According to Hammer (1999:415) the inhibited muscles regain strength spontaneously 
after its tight antagonist is normalized. Therefore, muscle weakness may not necessarily 
be caused by lack of exercise but may also be attributed to neurological inhibition.  
 
Sahrmann (1993:13) however, advocated a well-rounded exercise program addressing the 
weakened and tight muscles as way of correcting muscle imbalances, which induce low 
back pain. The implementation of active stretching and relaxation techniques for the 
hypertonic postural muscles as well as strengthening of the weaker phasic muscles will 
ensure proper lumbosacral function, improve spinal ROM and ultimately decrease pain 
and disability associated with chronic low back pain syndrome. (Taylor & Twomey 
1994:391) 
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2.2 BIOMECHANICS OF THE LUMBAR STABILIZERS  
 
Chapman-Smith (1990:1) states that the sacroiliac joint appears to be the single greatest 
cause of low back pain. Sacroiliac joint fixation or hypermobility to any degree disturbs 
reciprocal motion bilaterally and produces increased rotary forces in the lumbar spine. 
Disc protrusion, potential rupture, lumbar facet strain or even lumbar scoliosis may occur 
as a result of these excessive rotary shear forces. (Shafer & Faye 1990:241)  
 
The dynamic stabilization of the sacroiliac joints offered by the musculofascial system is 
referred to as “force closure.” The erector spinae, latissimus dorsi, gluteus maximus, 
biceps femoris and the abdominal oblique muscles are the key muscles contributing to the 
force closure of the sacroiliac joint. (DeRosa & Porterfield 1998:153-156) 
 
The attachment of the superficial erector spinae to the posterior aspect of the sacrum, 
through the large erector spinae aponeurosis, potentially results in a nutation force vector 
of the sacrum within the ilium. Nutation is the direction of sacral motion that helps lock 
the sacroiliac joint due to tightening of the sacrotuberous, sacrospinous, and the 
interosseous ligaments. In the fully flexed position, the activity in the erector spinae 
diminishes to total inactivity. Trunk flexion is controlled and resisted by the passive 
resistance of the elongated erector spinae muscles and the posterior ligaments of the 
lumbar spine. The load on the ligaments in this fully flexed position is close to their 
failure strength, placing additional importance on loads sustained by the thoracolumbar 
fascia and the lumbar apophyseal joints. (DeRosa & Porterfield 1998:153-156) 
 
Contraction of the abdominal muscles increases the lateral tension in the thoracolumbar 
fascia and subsequently the posterior sacroiliac ligaments by virtue of its attachment to 
the ilium, thereby reinforcing sacroiliac joint stability. As the trunk rises back to the 
standing position through extension, the erector spinae become active especially through 
the last 45 to 50 degrees of the movement. (Hamill & Knutzen 1995:294-297) 
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The function of abdominal muscles includes bringing about flexion of the lumbar spine, 
as well as, increasing the intra-abdominal pressure (IAP) when they contract. This 
increase in IAP serves to decrease the compressive force on the spine and reduce the 
activity of the erector spinae muscles. (Cox 1999:655) 
 
The internal and external oblique abdominal muscles have a force vector that suggests a 
contribution to the stability of the sacroiliac joint by virtue of their attachments to the 
ilium. The actions of the abdominal oblique muscles, working over the fulcrum of the 
interosseous ligament, draw both the ilia toward the midline. This potentionally places 
the sacroiliac joint in a more close-packed position of joint compression. This joint 
compression increases the frictional force between the sacral and iliac surfaces enhancing 
joint stability, as well as increasing the compressive force at the pubic symphysis. 
(Hamill & Knutzen 1995:294-297) 
 
Furthermore, the internal and external oblique muscles and the transversus abdominis 
muscle attach to the thoracolumbar fascia covering the posterior region of the trunk. 
When these muscles contract, increased tension is placed on the fascia that supports the 
low back and reduces the strain on the posterior erector spinae muscles. (DeRosa & 
Porterfield 1998:153-156) 
 
Key hip muscles include the psoas, gluteus maximus and hamstring muscles that play an 
integral role in the kinetic chain by providing stabilization of the lumbo-pelvic-hip 
complex. (Cox 1999:658) 
 
The psoas works synergistically with the superficial erector spinae muscles since it 
eccentrically decelerates extension, lateral flexion and rotation of the trunk. The deep 
erector spinae together with the multifidus and the abdominal muscles (transversus 
abdominis, internal oblique and external oblique) work to neutralize this force. (Prentice 
& Voight 2001: 263)  
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The gluteus maximus muscle is a chief stabilizer of the sacroiliac joint. Contraction of the 
gluteus maximus muscle indirectly lends a hand in extension of the trunk through its 
attachments to the pelvis. This muscle is considered unique by virtue of its large size and 
anatomical orientation. Thereby contributing to the formation of a vital anatomical basis 
for upright posture. (Prentice & Voight 2001:263) 
 
The hamstring muscle, being a postural muscle, produces extension of the thigh at the 
hip. It indirectly functions to keep the trunk erect in the stance phase during ambulation 
by resisting the tendency toward hip flexion caused by body weight. The hamstring also 
controls hip flexion during standing and forward flexion of the trunk. (Simons & Travell 
II 1999: 321) 
 
All of the individual aforementioned muscles have an integral role to play in the kinetic 
chain by imparting active stabilization and optimal neuromuscular control of the entire 
lumbo-pelvic-hip complex. All of the muscles discussed in this chapter do not only 
produce movement in one plane of motion, but also simultaneously resist movement thus 
providing dynamic stabilization in all planes of motion during functional activities. When 
isolated, these muscles are incapacitated in achieving adequate stabilization of the lumbo-
pelvic-hip complex. These muscles’, interacting synergistically with their interdependent 
timing, enhances the stability and neuromuscular control through the entire kinetic chain. 
(Prentice & Voight 2001:263) 
 
The above discussion lends a scientific rationale for a spinal exercise regime for patients 
with suspected sacroiliac joint dysfunction. An emphasis must be placed on the hip 
extensors, hamstrings, spinal extensors and abdominal muscles. Interestingly, the same 
emphasis is suggested for lumbar and lumbosacral disorders, which perhaps reaffirms the 
functional interplay between all the components of the lumbopelvic region. Furthermore, 
it also suggests a highly integrated musculofascial system consisting of the spine, pelvis 
and lower extremities.  
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2.3 THE ANATOMY OF THE LUMBAR SPINE AND PELVIS 
 
The functions of the human spine are to be considered first before its anatomy can best be 
understood. The functions of the spine, being three-fold, are: support of the body; 
protection of the spinal cord and the spinal roots; and the movement of the trunk. These 
functions are conducted by a series of movable bones, called vertebrae and the soft 
tissues that surround these bones. (Cramer & Darby 1995:17) 
 
The lumbar spine renders a strong yet flexible link between the pelvis and thorax.  Whilst 
providing considerable mobility to the trunk, the lumbar spine is able to sustain 
formidable loads thereby placing significant mechanical demands on this region. The 
enhanced weight-bearing function of the lumbar vertebrae is reflected in its sturdy and 
massive structure. (Giles & Singer 1997:176) 
 
The sacrum provides a strong triangular support base on which the spinal column rests. 
The weight of the entire vertebral column is carried in the lumbar spine and then 
dispersed to the sacral base and the sacroiliac joints. These joints provide support for the 
trunk while functioning to guide movements and assist in absorbing the compressive 
force associated with locomotion and weight bearing. (Bergmann & Peterson 2002:315) 
 
2.3.1 The Lumbar Vertebrae  
 
The typical lumbar vertebra is a large, kidney-shaped structure designed to stabilize and 
support the heavy loads imposed by upright posture. The anterior surface of the body is 
convex from side to side, and the posterior surface is concave from superior to inferior 
and from side to side. (Giles & Singer 1997:281-282) (Figure 4) 
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Figure 4: A typical lumbar vertebra showing a lateral view (left) and a superior view 
(right) (Moore 1992:330-331) 
 
The vertebral arch is attached to the dorsal aspect of the vertebral body. The arch consists 
of two pedicles and laminae that unite them. The laminae are strong, short and broad 
being highly set and extend posterio-medially. The laminae are orientated in an oblique 
inferior and lateral plane joining in the midline to form a large hatchet-shaped spinous 
process. (Figure 4) The transverse processes are also known as the costoid processes 
since they are rib vestiges. The transverse processes are considered to be quite frail since 
they are long, slender and flattened on their anterior and posterior surfaces. The 
transverse and spinous processes serve as sites of attachment for the iliolumbar ligaments 
and lumbar extensor muscles, whose activity initiate spinal motion and provide extrinsic 
stability. (Coetzee 1987:77) 
 
At the base of the transverse process, is a little tubercle called the accessory process. 
(Coetzee 1987:77) The transverse process runs an oblique course posteriorly and 
laterally. Two more marked enlargements, the mamillary processes, are situated on the 
posterior part of the lateral aspect of each superior articular process. The mamillary and 
accessory processes provide for the attachment of a fibrous band called the mamillo-
accessory ligament. This ligament usually bridges over a groove of variable depth 
forming an osseofibrous tunnel, which transmits the medial branch of the posterior 
primary ramus as it descends from the intervertebral canal immediately above. It also 
allows for the passage of small blood vessels to the paraspinal muscles. (Giles & Singer 
1997:72) 
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The zygapophyseal joints are synovial joints between the articular processes of the 
laminae. The apophyseal joints in the lumbar region lie in the sagittal plane, since the 
articulating facets are at right angles to the transverse plane and forty degrees to the 
frontal plane. The superior facets face posteriorly and medially and the inferior facets 
anteriorly and laterally. (Giles & Singer 1997:72) 
 
Their function includes guiding and restraining movement between the vertebrae and 
protecting the discs from shear forces, excessive flexion, and axial rotation. The 
orientation of the facets changes at the lumbosacral junction where the apophyseal joint 
moves into the frontal plane and the inferior facets on L5 faces frontally permitting a 
relatively greater range of rotation and also prevents the vertebral column from sliding 
forward on the inclined upper surface of the sacrum. (Hamill & Knutzen 1995:294) 
 
The lumbar pedicles are short and strong bony segments that join the vertebral body and 
the vertebral arch. It originates from the superior aspect of the vertebral body and extends 
horizontally and posteriorly. The pedicle constitutes the roof and floor limits of the 
intervertebral foramen and provides attachment for the articular processes posteriorly. 
Vertebral notches are formed by indentations on the pedicles. When two vertebrae are in 
articulation, the vertebral notches are adjacent to each other and form an almost complete 
oval, the intervertebral foramen (IVF). (Kapandji 1974:76)  
 
The IVF encloses and protects the spinal nerve roots from external trauma as they emerge 
from the spinal cord. The lumbar IVF’s are comparatively large when compared to that of 
the cervical and thoracic regions. Thus considerable postero-lateral disc protrusion needs 
to occur before the nerve exiting at the same level becomes encroached. (Kapandji 
1974:76) 
 
The space enclosed by the body and arch is the vertebral foramen. The succession of 
foramina in an articulated vertebral column forms the vertebral canal, which supports and 
protects the distal tapering portion of the spinal cord referred to as the conus medullaris. 
The vertebral canal in the lumbar spine is intermediate in size and triangular whilst that 
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of the cervical and thoracic spine is larger and circular since it encloses the thicker 
portions of the spinal cord. (Kapandji 1974:76) (Figure 4)  
 
2.3.2 The Fifth Lumbar Vertebra  
 
The fifth lumbar vertebra is considered an atypical vertebra in the lumbar region. Being 
the largest in the series, the vertebral body is deeper anteriorly than posteriorly so that its 
profile is wedge shaped. This contributes to the formation of the sacrovertebral angle. Its 
centrum also has the largest circumference in comparison to its neighbours above. 
(Kapandji 1974:76) (Figure 5) 
 
 
Figure 5: The Fifth Lumbar Vertebrae (superior view) (Moore 1992:337) 
 
The transverse processes of L5 are short and thick in size and are pyramidal in shape. Its 
spinous process is smaller and more rounded as opposed to large and hatched-like at its 
extremity. A change in the orientation of the apophyseal joint is also seen at L5 where it 
moves from the sagittal plane to the frontal plane. The inferior facet on L5 faces 
frontally. This change in orientation prevents the anterior shear of the vertebral column 
on the superior surface of the sacrum. L5 is thus strongly bound to the sacrum creating a 
dynamic articular bridge between the sacrum and the vertebral column. (Coetzee 
1987:77) (Figure 5) 
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2.3.3 The Lumbosacral Joint 
 
The fifth lumbar vertebra and the first sacral segment articulate with each other at the 
lumbosacral joint formed by the intervertebral disc between and the two posterior 
synovial joints between their articular processes. It is the most mobile of the lumbar 
joints accounting for a large proportion of the movement in the sagittal plane. It is also 
the weak link in the vertebral column since the stability of the lumbosacral joint is 
compromised by its increased mobility. (Hamill & Knutzen 1995:294) 
 
Figure 6: An anterior view of the lumbosacral joint with the iliolumbar ligaments, 
which spans the distance between the transverse processes of L5 and the pelvis 
(DeRosa & Porterfield 1998:86) 
 
The vertebral body of L5 is wedge-shaped being thicker anteriorly than posteriorly. The 
intervertebral disc at L5-S1 is correspondingly wedge-shaped thus contributing to the 
lumbosacral angle. The inferior facets of L5 are frontally orientated and articulate with 
the superior articular processes of the S1 vertebra, which are directed posteriorly and 
medially, thereby preventing L5 from sliding anteriorly. (Coetzee 1987:79) Moore 
(1992:251), states that the large transverse processes on L5 vertebra are common and are 
more likely to strengthen the lumbosacral joint.  
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The upper surface of the body of the first sacral vertebra forms the base of the sacrum 
and its projecting anterior edge is referred to as the sacral promontory. This sacral 
promontory is an important obstetrical mark.  
 
The sacrum is tilted anteriorly so that it articulates with the L5 vertebra at the 
lumbosacral joint. In addition to supporting the vertebral column, the sacrum also 
provides strength and stability to the pelvis by transmitting the weight of the spinal 
column to the pelvic girdle through the sacroiliac joints. (Coetzee 1987:79) 
 
The lumbosacral joint is the single most common site of low back pain due to its 
anatomy: 
• this joint bears more weight than any other vertebral joint 
• the centre of gravity passes directly through this joint 
• is the transitional segment between the mobile fifth lumbar vertebra and the 
relatively stable pelvic girdle  
• a change occurs in the angle that exists between L5 and the first sacral segment 
  
Additional stabilization of the lumbosacral joint is provided by a strong triangular 
ligament, called the iliolumbar ligament, which limits rotation of L5 vertebra on the 
sacrum. (Figure 6) This ligament connects the tip of the transverse processes of L5 
vertebra to the iliac crest posteriorly. The inferior fibres of this ligament are attached to 
the lateral part of the sacrum and are known as the lateral lumbosacral ligament. The 
iliolumbar ligament also assists the vertebral articular processes in preventing the anterior 
gliding of L5 on the sacrum. The iliolumbar ligament is broad enough to also reinforce 
the anterior aspect of the sacroiliac joint. (Moore 1992:250-251) (Figure 6) 
 
The iliolumbar ligaments are especially vulnerable to the stresses of daily living. 
Shortening of these ligaments causes a pull on the posterior aspect of the iliac crest 
medially, which blocks the pelvis in the sitting posture. In response to the load above, the 
sacral base is forced anteriorly thereby firmly anchoring L5 into a slightly hyperlordotic 
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position. This distortion naturally has a strain effect on the posterior facet joints 
producing the symptoms of low back pain. (Schafer & Faye 1990:212) 
 
2.3.4 The Sacroiliac Joint 
 
The sacroiliac joint is a unique articulation of an irregular plane type, with an appreciable 
distinctiveness for its unique structure. The sacroiliac joints are classified as being 
synovial joints and are strong weight bearing joints. The interfacing cartilages are of a 
thicker hyaline variety on the sacral side, and of a thinner, more fibrous composition on 
the ilial side. The cartilage on the sacrum is often three to five times thicker than the 
cartilage of the ilium. (Chapman-Smith 1990:1-6) 
 
Each lateral surface of the sacrum presents with a “C” shaped or auricular-shaped 
surface, which articulates with a corresponding auricular surface on the ilium. (Figure 7) 
The surfaces of the sacroiliac joint can be divided into a cranial and caudal segment. The 
sacral component of the joint has a more concave profile while the iliac component is 
more convex. The cranial segment of the sacral articular facet is usually larger and 
narrower than its caudal counterpart. The sacral surfaces face lateral, inferior, and 
posterior and like the iliac surface, are not planar. (DeRosa & Porterfield 1998:150-152) 
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Figure 7: The sacroiliac joint, with its “C”-shaped auricular-shaped surfaces 
(Bergmann & Peterson 2002:317) 
 
A dense ligamentous framework is found both anterior and posterior to the joint cavity.  
The sacroiliac ligament crosses the ilium and sacrum anteriorly, and blends with the 
lower part of the iliolumbar ligament. Posteriorly, the posterior sacroiliac ligament 
courses from the posterior iliac joint ridge to the sacrum. One of the strongest ligaments 
in the human body is the dense interosseous ligament. It lies anterior to the posterior 
sacroiliac ligament. It is located at the junction of the cranial and caudal aspects of the 
sacroiliac articular surfaces. (Kirkaldy-Willis 1992:13)  
 
This ligament provides stability to the sacroiliac joint and simultaneously permits small, 
transitional movements of the joint as the trunk and ground forces converge into this 
region. (Giles & Singer 1997:174) 
 
Three accessory ligaments, the sacrospinous, sacrotuberous and long dorsal sacroiliac 
ligaments create a dense ligamentous network at the sacroiliac joint which aid in 
maintaining a positional relationship between the sacrum and the ilia. These ligaments 
together with the powerful interosseous ligament and the strong articular capsules tightly 
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knit and strengthen the sacroiliac joints, although permitting minimal movement. (Giles 
& Singer 1997:174) 
 
DeRosa & Porterfield (1998:151) commented, “the two vastly different interfacing 
surfaces between the sacrum and ilium with its substantially different cartilage thickness 
and irregular but reciprocal articular surfaces, makes the sacroiliac joint unique unlike 
any other joint in the human body.” 
 
The sacroiliac joints have a well-innervated joint capsule. The lateral branches of the 
posterior primary rami from L4-S3 innervate both the joint capsule and the posterior 
ligaments of the sacroiliac joint. The anterior innervation is derived from L2-S2 branches 
of the anterior rami and the superior gluteal nerve (L5-S2). The lumbosacral plexus lies 
directly anterior to the sacroiliac joint. Due to the broad innervation, the sacroiliac joint 
referral pain patterns mimic those of lumbar pain patterns. (DeRosa & Porterfield 
1998:150-152)  
 
2.4 Biomechanics of the Lumbar Spine and the Sacroiliac Joint 
 
2.4.1 The Lumbar Spine 
 
The lumbar spine is a very complex structure that sustains large loads whilst providing 
considerable mobility to the trunk. (Giles & Singer 1997:165) Episodes of back pain are 
thus thought to have some component of mechanical overload or fatigue in their origin. It 
is therefore evident that the study of spinal biomechanics has great potential for 
illuminating the function of the spine and what loads might be acceptable before 
mechanical damage results. (Giles & Singer 1997:165)  
 
According to Schafer & Faye (1990:199), the body’s gravity line extends from the middle 
of the anterior surface of T12 and L1 down toward to the anterior aspect of the sacral 
base. In the lumbar region, the distribution of weight is governed chiefly by the 
inclination of each vertebral body. (Schafer & Faye 1990:199) 
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During flexion of the lumbar spine, the weight line moves forward as the body of the 
vertebra above tilts and slides anteriorly, while the inferior facets move superiorly and 
away from the lower vertebra. A compressive force is thus generated at the anterior 
aspect of the intervertebral discs and vertebral bodies. As a result, a wedge-shaped disc 
forms as the posterior aspect of the disc becomes stretched. (Schafer & Faye 1990: 203-
204) (Figure 8) 
 
 
 
Figure 8: Biomechanics of the Lumbar Vertebrae – Flexion (left) and Extension 
(right) (Bergmann & Peterson 2002:286) 
 
As the motion of flexion continues, the joint capsule and the posterior ligamentous 
system specifically the ligamentum flavum, interspinous and the supraspinous ligament 
check the anterior shear stress of the inferior articular processes of the upper vertebra. In 
addition, the posterior longitudinal ligament also becomes stretched thereby limiting 
flexion. (Kapandji 1974:80) 
 
Lumbar flexion allows the connective tissues, located posterior to the axis of lumbar 
motion, to generate extensor movement by subsequent contraction of the deep erector 
spinae muscles. (DeRosa & Porterfield 1998:149-150) 
 
During extension the weight line is shifted posteriorly causing the bodies of the upper 
vertebra to tilt and shift posteriorly. (Figure 8) The disc becomes compressed at its 
posterior aspect, whilst the anterior aspect is stretched. (Kapandji 1974:80) 
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The space between the articular processes of the superior and inferior vertebrae is 
maximally reduced as extension continues and the joint surfaces become tightly locked. 
The approximation of the spinous processes as well as the structures of the vertebral arch 
and the tautness of the anterior longitudinal ligament fundamentally controls the extent of 
lumbar extension. (Schafer & Faye 1990: 203-204) 
 
2.4.2 The Sacroiliac Joint 
 
In the most simplistic analysis, the sacroiliac joint lies at the intersection of the trunk and 
the ground forces. (DeRosa & Porterfield 1998:153-156) A keystone effect is created 
which effectively distributes axial compressive forces through the sacroiliac joints. 
Forces from the lower extremities divide, heading upward toward the spine, while 
downward forces of gravity on the spine produced by body weight split to both sides. 
(Bergmann & Peterson 2002:316) (Figure 9). 
 
 
Figure 9: Forces at the sacroiliac joint. Forces of gravity above meet with forces from 
the lower extremities at the sacroiliac and hip articulations.  
(Bergmann & Peterson 2002:317) 
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Lumbar flexion and or thigh flexion causes one or both innominates to rotate posteriorly 
causing the base of the sacrum to tilt anteriorly and inferiorly. This movement occurring 
at the sacroiliac joints are referred to as sacral flexion or nutation. (Kapandji 1974:64) 
(Figure 10a) The apex of the sacrum with the tip of the coccyx moves posteriorly with 
regards to the sacral base. The anterior-posterior diameter of the pelvic brim is thus 
reduced while that of the pelvic outlet is increased. As trunk flexion continues, the ilia 
approximate while the ischial tuberosities separate. 
 
This movement of nutation continues until tension in the sacrotuberous, sacrospinous and 
the anterior sacroiliac ligament is maximal thereby limiting any further movement. 
(Hamill & Knutzen 1995:295) This increased tension results in a decreased ability of the 
sacrum to move within the pelvis, which enhances joint stability. In addition, the 
interosseous ligament is wound tighter due to sacral nutation, which approximates the 
sacroiliac joint surfaces. As a result, the frictional force between the sacrum and ilium is 
increased further. (DeRosa & Porterfield 1998:153-156) 
 
 
 
Figure 10a: Biomechanics of the sacroiliac joint illustrating nutation of the sacrum. 
The base of the sacrum is tilted anteriorly and the coccyx moves posteriorly. 
 (Maigne 1996:63) 
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Sacral extension or counternutation refers to the posterio-superior movement of the 
sacral base as the innominates rotates anteriorly with trunk extension or thigh extension. 
(Kapandji 1974:64) (Figure 10b)  
 
Consequently, the sacral apex with the tip of the coccyx moves anteriorly. Sacral 
extension causes the ilia to move apart and the ischial tuberosities to be drawn together. 
As a result, the antero-posterior diameter of the pelvic brim is increased while that of the 
pelvic outlet is reduced. 
 
The movement of counternutation is limited by the increased tension that develops in 
both the anterior and posterior ligaments. (Kapandji 1974:64) 
 
 
Figure 10b: Biomechanics of the sacroiliac joint illustrating counternutation of the 
sacrum. The base of the sacrum is retrotilted and the coccyx is displaced anteriorly. 
(Maigne 1996:63) 
 
According to Maigne 1996:63), the role of the sacroiliac joint is to functionally engage in 
transforming the pelvis into a “resilient,” dynamic, accommodating base that distributes 
weight, absorbs shock and provides a remarkable proficiency unique to bipedal 
locomotion. Thus injury or dysfunction incurred to these joints will compromise the 
functional integrity of the entire spine. (Maigne 1996:63) 
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2.5 Range of Motion of the Lumbar Spine & Sacroiliac Joints. 
 
The three disposing factors that cause lower back pain are sitting postures, limited range 
of motion into extension, and the predominance of flexion activities in our society. 
Simply stated, lumbar flexion is the predisposing factor for most back problems. 
(D’Orazio 1993:9) 
 
The articular facets, the ligaments and the muscles of the lumbar spine, guide movement 
to provide restraint against excessive motion. The range of movement of flexion and 
extension at each individual joint of the spinal column is minute but, since it involves so 
many joints, the cumulative effects are quite significant. These elementary movements 
take place in the sagittal plane. (Kapandji 1974: 44). 
 
The range of motion in the lumbar spine region is large in flexion and extension, ranging 
from eight to 20 degrees at various levels of the vertebrae. The total segmental motion 
occurring at L1-2 is 12 degrees, while that at L2-3 is 13 degrees and 16 degrees at L3-4. 
At L4-5 the total segmental motion is 24 degrees and 18 degrees at L5-S1. . The total 
cumulative range of flexion and extension is 83 degrees. (Kapandji 1974 114-115) Figure 
11 shows range of motion at the individual motion segments of the lumbar spine.  
 
At the lumbar level, flexion is associated with the flattening of the lumbar curvature 
whilst extension is associated with accentuation of the lumbar curvature. There is a 
gradual decrease in ranges of motion from the lower to the upper segments being 
maximal between L4-L5. (Kapandji 1974:132-134) 
 
The L4-L5 level is a transitional point having the greatest degree of flexion and extension 
in the lumbar spine. Thus this joint experiences greater stresses than the upper vertebra, 
which provides a mechanical reason for L4-L5 to have the highest incidence of 
intervertebral joint pathology. (Cox 1999:74)  
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Figure 11: The combined range of motion of flexion and extension at the different 
levels of lumbar segments (Hamill & Knutzen 1995:295) 
 
A large proportion of flexion and extension in the lumbar region occurs at the 
lumbosacral joint, thus making it the most mobile joint in this area. Seventy-five percent 
of the flexion and extension in the lumbar region may occur at this joint. The remaining 
twenty percent of flexion occurs between L4-L5 and five percent at the upper lumbar 
joints. (Hamill & Knutzen 1995:294)  
  
A slight curvature in the lumbar region exists in the normal standing posture. The first 50 
to 60 degrees of flexion is dominated by activity in the lumbar spine, after which the 
pelvis rotates and becomes the predominant factor increasing further trunk flexion. The 
continuation of flexion is a result of the pelvis rotating anteriorly, and finally, extension 
of the sacrum. On the return extension movement, posterior tilting of the pelvis 
dominates the initial stages of extension, and lumbar activity reverses itself, governing 
the later stages of trunk extension. The movement synchronization between the pelvis 
and the lumbar spine is referred to as the lumbopelvic rhythm. (Hamill & Knutzen 
1995:294) This can be seen in Figure 12. 
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Figure 12: Lumbopelvic Rhythm (Hamill & Knutzen 1995:295) 
 
2.6 CHIROPRACTIC MANIPULATIVE THERAPY 
 
2.6.1 The Chiropractic Hypothesis  
 
According to Bergmann & Peterson (2002:3), chiropractic is considered to be a health 
care science concerned with optimising health through the maintenance of the body’s 
homeostatic mechanism. The human body is perceived as being charged at birth with an 
innate ability (innate intelligence) to respond to the environment.  
 
Paramount to the principle of chiropractic is the significance of the nervous system in the 
human being and its influences to all the other systems in the body. The nervous system, 
in addition, also has a role to play in the body’s ability to fight disease through its 
immune response. (Bergmann & Peterson 2002:3) Chiropractors rely on spinal 
manipulation or adjustments as the primary therapeutic tool to enhance the body’s ability 
to self-regulate through its effects on the nervous system and hence all other systems  
 
The mechanism of chiropractic therapy involves restoring normal functioning to a joint 
thus ultimately promoting homeostasis of the body. Halderman (1992:4) states that 
manipulative therapy causes a change in the musculoskeletal system, which affects the 
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nervous system, which in turn results in organ dysfunction, tissue pathology or organ 
symptom complex.  
 
2.6.2 Vertebral Subluxation 
 
According to Gatterman & Hansen (2002:41), a subluxation is defined as a motion 
segment in which alignment, movement integrity, or physiologic is altered, although 
contact between the joint surfaces remains intact. This causes an alteration in the 
biomechanical or neurophysiologic reflections of these articular structures or body 
systems that may be directly or indirectly affected by them.  
 
The concept of subluxation has always combined two elements, namely altered joint 
range of motion and related physiological changes, primarily through the nervous system. 
(Chapman-Smith 1997:4) In addition, a subluxation results in biomechanical 
compensations and fixations in the spinal column and pelvis, referred pain throughout the 
soma and viscera that mimics other conditions, as well as, effects general health due to 
the restricted capacity of the nervous system to perform its full regulatory functions. 
 
At the level of the subluxation, the related muscles are in a permanent state of 
hyperirritability. (Bergmann & Peterson 2002:3) Further, the production of pain is 
facilitated at the levels of the subluxation; therefore the pain threshold is lowered. Thus 
skilled adjustments or manipulation to correct the subluxation would accordingly not 
only relieve pain, but also remove interference with the nervous system, there by making 
the body more resistant to stress disease. (Shafer & Faye 1990:56)   
 
2.6.3 Vertebral Adjustment 
 
Gattermann & Hansen (2002:99), define the adjustment as a specific form of joint 
manipulation using either long or short-leverage techniques with specific anatomical 
contacts. It is characterized by a low-amplitude dynamic thrust of controlled velocity, 
amplitude, and direction used to restore normal nervous function and cure disease. 
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According to Shafer & Faye (1990:56) an adjustment is applied at the point of resistance 
to restore adequate mobility to the area to initiate the recovery process. 
 
2.6.4 Reflex Theories of the Adjustment 
 
The reflex theory is concerned with the subluxation, being an aberrant biomechanical 
relation within the spine, which stimulates the receptors within the spinal, and paraspinal 
tissues such as muscle, ligaments and facets. The stimulation of these spinal structures 
generates impulses, which activate the neural reflex centres within the spinal cord or 
higher centres, causing somatovisceral responses in sympathetic and para-sympathetic 
nerves resulting in muscle spasm. (Halderman 1992:88) 
 
Stimulus-produced analgesia is bolstered by past research that suggests that chiropractic 
adjustments induce sufficient force to simultaneously activate both superficial and deep 
somatic mechanoreceptors, proprioceptors and noiceceptors. This stimulation produces a 
strong afferent barrage of sensory neurons capable of inhibiting the central transmission 
of pain. (Bergmann & Peterson 2002:134) 
 
Gillette (2002:134) suggests that chiropractic adjustments may induce a short-lived 
phasic response triggered by the stimulation of both deep and superficial 
mechanoreceptors. A longer-lived tonic response may also be initiated, which is triggered 
by the noxious stimulation of noiceceptive receptors. 
 
Sensory receptors are present in muscle, ligaments, facet joints, skin, meninges and the 
periphery of the intervertebral disc. These receptors are sensitive to mechanical, 
inflammatory and temperature changes. (Bergmann & Peterson 2002:134) 
  
Spinal manipulative therapy has been shown to produce a consistent reflex from a multi-
receptor origin resulting in clinical observed benefits, which include the reduction of pain 
and muscle hypertonicity. A specialized receptor referred to as the golgi organ is present 
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within gross muscle structures inhibits the muscle when excessively tensed. (Martini 
1998:89) 
 
2.7 THE VERTEBRAL SUBLUXATION COMPLEX (VSC) 
 
The Vertebral Subluxation Complex (VSC), according to Lantz (1995:149-174) is 
defined as being a theoretical representation of dysfunction of a motion segment also 
known as a subluxation. It integrates the complex interaction of pathological changes in 
nerve, muscle, ligamentous, and vascular and connective tissues. The current model of 
the VSC acknowledges that a dysfunctional spine incorporates all tissues since they are 
all closely integrated. Due to its complexity it is therefore impossible to differentiate the 
origin of involvement of one tissue from another.  
 
According to Schafer & Faye (1990:1 & 2) a subluxation is caused by any physical, 
functional or psychic mechanism resulting in a loss of segmental mobility within one or 
more of its normal physiological ranges of motion. For another joint to remain in this 
abnormal state of “subluxation,” something must be holding it there to restrict its 
mobility; otherwise it would spontaneously reduce and produce minimal clinical concern. 
This mechanism of “holding” or “restriction of mobility” is referred to as a “fixation.” 
(Shafer & Faye 1990:1 and 2) Gatterman (1990:50) defines a fixation to be a reversible 
mechanical joint derangement and a primary indicator for manipulation. 
 
When mechanical derangement persists, the stress caused by repetitive abnormal loading 
eventually leads to fatigue and attenuation of the articular soft tissues. As a result, 
capsular laxity and internal disruption of the intervertebral disc develops leading to local 
joint instability. Consequently, if the derangement is of sufficient magnitude, osseous 
structural alteration results thus making degenerative joint disease radiographically 
visible. (Kirkaldy-Willis 1993:59) 
 
Trauma and repetitive stress are two important factors contributing to degenerative 
changes and dysfunctional states of the neuromusculoskeletal system. (Lantz 1995:150) 
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The theoretically pathological components of the VSC, as they relate the chiropractic 
concept, are interdependent and closely connected with each other. These components at 
tissue level constitute the following (Chapman-Smith 1997: 3): 
• Kinesiological component: having pre-eminent significance in this model since 
restoring movement in a restricted joint is the primary goal of chiropractic 
• Neurological tissue: controls and directs the tissues involved in movement. The 
nervous system has been viewed as the mediator of health and vitality to all the 
individual organs and tissues 
• Myologic tissue: since the muscles produce and affect joint movement 
• Connective tissue: these guide, restrain and stabilize movement 
• Vascular tissue: plays a role in providing essential nutrients and cleansing of the 
tissues. It is also a mediator of inflammatory reactions 
• Lymphatic tissue: which provides a link to the immune system 
 
These tissue components are responsible for permitting and sustaining adequate 
segmental motion. Any disturbance of any of these individual tissue components of the 
VSC is perceived to have inevitable effects on all the other components. (Lantz 
1995:152) 
 
2.8 CAUSES OF LOW BACK PAIN 
 
 
Most chronic low back pain conditions do not arise from a structural disorder apparent on 
imaging and standard medical examination. An integral part of most chronic back pain is 
functional pathology, which include weakness and or loss of ROM in the muscles, joints 
and other structures of the spine and pelvis. (Chapman-Smith 1990:1 and 2) 
 
Kirkaldy-Willis (1992:55) described a pattern of spinal degeneration based on the 
principle that spinal degeneration is often initiated by local mechanical derangement in 
which no structural alteration exists. He postulates that the process often begins with the 
development of individual motion segment dysfunction secondary to alteration in 
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segmental muscle tone and function. As a consequence, joint hypomobility develops. 
(Kirkaldy-Willis 1993:316) 
 
Potential anatomical sources of LBP include the nociceptors, muscle, facet joints, 
sacroiliac joints, spinal dura, intervertebral disc, ligaments, nerve roots as well as referred 
pain. (DeRosa & Porterfield 1998:25-30) 
 
A large percentage of dysfunction is self-limiting or so minor that the individual adapts 
and compensates to the change with limited structural or functional alteration. If 
dysfunction persists, however, the process of local and distant joint degeneration may 
follow. A point of emphasis and concern for the chiropractic profession is, therefore, to 
detect persistent mechanical dysfunction at an early stage of alteration and to strive to 
eliminate it before it develops into irreversible or permanent disorders. (Kirkaldy-Willis 
1993:317) 
 
2.9 THE COMBINED THERAPEUTIC EFFECTS OF  
      CHIROPRACTIC CARE AND SPINAL REHABILITATION   
 
An overwhelming body of evidence indicates that spinal manipulation applied by 
chiropractors is more effective than alternative treatments for low back pain and that 
chiropractic management of low back pain is more cost-effective than medical treatment. 
(Benningfield 1997:52-56) 
 
Chapman & DeFranca (1999:654) stated that spinal manipulation for low back pain is an 
established method of care, especially in the acute stage of recovery, and evidence exists 
supporting its effectiveness in chronic non-complicated and complicated low back pain 
sufferers. Chiropractic patients have repeatedly expressed satisfaction with the quality 
and effectiveness of chiropractic care. In comparative studies for the treatment of back 
pain, patients consistently rate chiropractic care as superior to medical care. (Bergmann 
& Peterson 2002:122) 
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Furthermore, authors who have reviewed the literature on spinal manipulation have 
concluded that sufficient evidence exists to support its use in the treatment of a number of 
painful neuromusculoskeletal conditions. This is most notable in the case of low back 
pain; over 30 controlled clinical trials have consistently shown “spinal manipulation to be 
more effective than an array of other comparison treatments.”(Bergmann & Peterson 
2002:122)  
 
In addition, to their successes with treating musculoskeletal disorders and dysfunctions, 
most chiropractors have also noted positive health effects from adjustive and manual 
therapy in areas outside the musculoskeletal system. Philosophically, this is symbolized 
by the chiropractic holistic health care viewpoint, which stresses the important 
relationship between structure and function of the neuromusculoskeletal system and its 
effects on homeostatic regulation and health maintenance. (Bergmann & Peterson 
2002:123) 
 
However, spinal manipulative therapy in isolation as a form of passive care is not 
sufficient beyond the acute stage. Maigne (1996:205), states that it is always better to 
complete chiropractic treatment with an appropriate therapeutic exercise prescription to 
stabilize the result. Chiropractic management of low back pain, particularly those at risk 
for advancing chronicity, should include an appropriate conversion of the care plan from 
a passive emphasis of treatment to an exercise-based active regime. (Chapman & 
DeFranca 1999:654) 
 
Much attention has been drawn to the evidence of combining chiropractic adjustment and 
specific muscle strengthening as superior to exercise in isolation. (Chapman-Smith 
1996:2) Mizel (1999:22-29) presented a case study of chronic neck and lower back pain 
resistant to standard chiropractic management of adjustment and verbal exercise. He 
stated that the persistence of neuromusculoskeletal disorders, especially low back pain, 
into the subacute and chronic stages can become a challenge for the chiropractic 
practitioner using passive modalities and manipulation alone. (Mizel 1999:29) 
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The active component of care in the case study consisted of a three-week in-office, 
supervised progressive spinal exercise program. This structured program proved to be 
effective in improving the patients’ outcome measures as well as increased the range of 
spinal motion and the strength of the major trunk musculature. The risk of recurrence of 
lower back pain was thus reduced. (Mizel 1999:22-29) 
 
A case report by Benningfield (1997:52-56) discussed the effects of chiropractic care in 
conjunction with isolated lower back muscle strengthening on the radicular component   
of low back pain. The study was based on one case of a patient exhibiting radicular 
symptoms associated with low back pain. This patient received chiropractic adjustments 
and was introduced to a 12 week strengthening program. The patients lower back muscle 
strength showed a 30 percent improvement by the end of the eighth week with significant 
reduction in pain and radicular symptoms. 
 
This case study demonstrates how a regime combining spinal manipulation with exercise 
that isolated the lower back musculature greatly increased their strength and may have 
eliminated the recurrence of future lower back pain problems. This combination has 
proven to have long lasting results. (Benningfield 1997:52-56) Therefore, integrating 
chiropractic modalities with a back strengthening protocol is therefore a superior 
alternative to consider when treating lower back pain. (Liebenson 1996:13)  
 
Guerrico et al. (1999:90) found that moderately disabled patients with chronic low back 
pain who attend a back school and fitness program, benefit more in the short and long 
term than patients who attend a back school and exercise independently at home. 
According to Hatfield & Bartley (2001:47-49), patients with low back pain have a fear of 
exercising and a supervised program may allay this fear and encourage these patients to 
develop increased strength and the ability to function adequately in normal daily 
activities. 
 
According to Taylor & Twomey (1994:407) exercise that is supervised with regular 
follow-ups can significantly decrease sick leave and absenteeism from work in patients 
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with low back pain. Supervision with regular follow-ups allow for close monitoring of 
home exercise programs and allows the clinician to upgrade, re-evaluate or modify the 
program accordingly. The clinician is also able to provide valuable motivation and 
feedback for the patient. This approach appears to encourage patients and serves as a 
means of ensuring compliance on the patients’ behalf, to a regimen of regular exercise for 
low back pain and associated dysfunction. (Taylor & Twomey 1994: 407) 
 
According to Liebenson (1996:168), currently, there is little evidence for the 
effectiveness of any single method of rehabilitation. One fact has however been 
established with relative certainty; bed rest and inactivity are detrimental to the recovery 
of individuals with low back pain. Reliance on passive treatments and prolonged activity 
restrictions should thus be avoided. Perhaps one of the major contributing factors in the 
alarming incidence of low back pain is decreased flexibility, poor posture, inadequate   
body mechanics and improper daily habits. (Liebenson 1996:168) 
  
Hooper (1992:83) found that an inverse relationship exists between the levels of 
flexibility and the incidence of back pain and thus confirms with Liebenson as to the 
disadvantages of inactivity. 
 
Chapman & DeFranca (1999:653) presented a report on active care approaches for 
chronic low back pain. Active rehabilitation demonstrated superior results when 
compared with passive approaches that focus on pain relief. Liebenson (1996: 31) 
commented that the key difference between active and passive care is that this focus 
transforms the patient from a passive, dependant recipient of care to an active participant 
engaged in the process of rehabilitation. The doctor’s role thus evolves from that of a 
healer to a helper. 
 
Liebenson (1996:83) states that rehabilitation of the motor system involves restoring 
normal joint mobility, inhibiting overactive musculature (including trigger points) and 
improves muscular flexibility, coordination, strength and endurance. Active rehabilitation 
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in addition, stretches the retracted soft tissues, trains the propriosensory receptors, as well 
as, facilitates cardiovascular training and postural re-education. 
 
According to Maigne (1996:63), therapeutic exercise adapted to the patients needs is 
fundamental in the treatment of chronic low back pain, especially low back pain 
syndromes that tend to recur. A correctly devised active care plan is aimed to restore 
normal muscular balance and to develop a dynamic muscular corset (abdominal, gluteal 
and spinal extensor mechanism) that will protect the spine, ensuring proper lumbosacral 
functioning in concert with the acquisition of new habits that will enable the patient to 
respond to the stressful demands imposed by daily living. 
 
A spinal stabilization program should include the abdominal muscles since they play a 
vital role in unloading the spine. Paraspinal muscle strengthening, depending on their 
state of relaxation or contraction is as important, since they are able to transform the 
spine from a rigid cylinder to a flexible series of links that permit force absorption. 
(Maigne 1996:63) 
 
It can thus be concluded that both active and passive care is essential in accomplishing 
these goals. Exercise regimes alone would fail to address specific joint dysfunction or 
movement incoordination and likewise, chiropractic adjustment alone would fail to 
address imbalances in muscles or altered movement patterns. (Liebenson 1996:33)  
 
Spinal manipulative therapy in the management of chronic low back pain thus corrects 
joint dysfunction, reduces the associated symptoms while improving lumbar range of 
motion in the sagittal plane necessary to begin therapeutic exercise. (Kirkaldy-Willis 
1992:288) Future episodes of pain and disability are prevented by the maintenance of 
both joint and muscle function prior to the arrival of new symptoms. 
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2.10 DEFINING COMPLIANCE 
 
According to Hooper (1992:143), it is believed that patient education is a necessity for 
the overall treatment of all patients. The patient’s beliefs about treatment and their 
response to injury are important contributors to the chronic pain cycle, both in initiating 
and perpetuating it. (Hatfield & Bartley 2001:47-49) 
 
Informing patients about the difference between hurt and harm, postural and ergonomic 
techniques, independent pain coping strategies and the benefits of an active life style is 
crucial in the recovery process. Education has been used in many forms, (i.e. postural 
correction, exercise programs, stretches etc.) but its beneficial effects, in the global sense, 
have not yet been investigated. (Milroy & O’Neil 2000:141) 
 
Comprehensive exercise programs have often been used in conjunction with chiropractic 
care in an attempt to reduce the pain and disability associated with lower back pain. The 
success of any exercise program, however, is dependent on several factors, one being 
continued compliance to the program. (Merrit 2001:221)  
 
Compliance is defined as the action in accordance with a request, demand or proposal. It 
is the process of conforming to another’s wishes in order to fulfil a requirement or feeling 
compelled to participate out of a sense of obligation. The term compliance appears to be 
an extrinsic motivator with the possibilities of intrinsic reward. Often exercise 
compliance comes as a strategy to improve health as related to a diagnostic entity. 
(Milroy & O’Neil 2000:143) 
 
According to Hatfield & Bartley (2001:47-49), compliance is also related to the patient’s 
health beliefs. Those who believe that their health depends on their own behaviour appear 
to be more compliant than those who assume that they can do little by themselves to 
improve their condition and rely on their fate, medicine or other persons. According to 
(Milroy & O’Neil 2000:145) patients are more likely to comply when they are given clear 
instructions and the rationale and benefits of the prescribed regimen are understood. 
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 Rather than an absolute, that is, patients comply completely or not at all, it is more 
realistic to describe compliance as a process. The ultimate result of this process is ideally, 
but not totally, a positive change in the health behaviour of the individual. Compliance 
may thus be seen not as a goal in itself but a process that may lead to the achievement of 
a goal (Hooper 1992:143) 
 
According to Milroy & Neil (2000:142) a significant number of patients experience some 
residual pain upon being discharged from chiropractic care, it is thus important to 
encourage them to continue independent exercise programs to maintain their functional 
gains and reduce the recurrence of low back pain. Home-based exercise programs should 
thus not terminate when the patient achieves clinical goals such as the reduction or 
elimination of pain or the return to the activities of daily living. 
 
According to Hatfield & Bartley (2001:47-49), patients’ with low back pain have a fear 
of exercising and a supervised program may allay this fear and encourage these patients 
to develop increased strength and enable them to participate in normal daily activities. 
 
A prospective randomised investigation by Bentsen, Lindgarde & Manthrope 
(1997:1494-1499) compared the effects of two different training programs (dynamic 
strength muscle training at a fitness centre and a home training program) on chronic low 
back pain. The study was conducted over a twelve-month period with a three-year 
follow-up period. The results showed that those subjects who adhered to the training 
program for the first year manifested significant improvement by the three-year follow-
up examination. 
 
The effectiveness of the two programs seemed to be dependent not so much on the 
intensity of the exercises as on perseverance in performing them, which was a crucial 
factor. It was also determined that compliance with training seemed to be dependent on 
supervision and motivation at the outset. Supervision of exercise is thus also important to 
ensure compliance and proper techniques, but patient education is just as important. The 
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results of this study revealed both the training programs to be equally effective in 
reducing pain and disability in chronic low back pain patients. 
 
A case study by Merrit (2001:221-224) showed how the possibility of initiating a change 
in the approach of an exercise program reduced the incidence of re-occurring low back 
pain and improved the poor record of exercise compliance in a 44-year old male patient. 
The treatment protocol involved providing symptomatic relief of the pain and disability 
associated with chronic lower back pain, which was followed by the prescription of a self 
administered exercise program. 
 
The patient failed to follow through with the home exercise program prescribed once his 
symptoms had improved and subsequently suffered a major relapse shortly thereafter. 
Upon the incorporation of a gym ball into the program with specific gym ball exercises, 
the patient was motivated to continue with the exercise regime once the pain had 
subsided. With this approach, the rate of recurrence of chronic low back pain was 
significantly reduced. Since this was an isolated case, the potential for the use of the 
adjunctive equipment (e.g. the gym ball) in the rehabilitation of chronic low back pain 
was questioned thus opening the door for further discussion and investigation. (Merrit 
2001:221-224) 
 
Poor compliance with an exercise program is often the most limiting drawback of 
exercise prescribed for the prevention and rehabilitation of low back pain. Although the 
health benefits of exercise are well documented, estimates indicate that only ten to twenty 
percent of the 18 to 65 year old populations regularly exercise. (Merrit 2001:221-224)  
 
The reason that motivates a patient to follow, or not to follow a prescribed course of 
treatment is not consistent from one patient to the next. (Hooper 1992:145) Some of these 
patients have reported difficulty in following through with an independent home-based 
program in the past possibly due to the lack of supervision, knowledge of specific 
exercises, motivation to attend or lack of knowledge of what goals to set. (Mizel 1999:29) 
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In our current mainstream of health-care-provider-driven treatment, most patients 
willingly give the practitioner full responsibility for “making them better.” Indeed, much 
treatment relies on the practitioner-applied approach. The patient is, to a very great 
extent, a passive participant relying completely upon the doctor or the therapist for a 
favourable outcome. (Liebenson 1996:168) 
 
In the field of musculoskeletal injury rehabilitation, a rapidly growing number of 
practitioners are now using a sports medicine/therapy approach in their own treatment 
planning and delivery. In this approach, earlier and more aggressive exercise intervention 
is employed, thereby requiring the patient to play a much greater active role. In doing so 
some of the practitioner’s traditional responsibility for the outcome of the treatment plan 
is transferred to the patient. (Piccininni & Vernon 1997:41-46) 
 
Practitioners who incorporate rehabilitative exercise into their treatment plans must 
include effective patient education as part of the plan to improve patients’ compliance in 
accepting and meeting their responsibilities. In addition, the practitioner should thus also 
include making patients aware that they play an active part in the healing process, which 
includes providing input regarding the identification of realistic and operationalized 
goals. (Piccininni & Vernon 1997:41-46) 
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3.1      INTRODUCTION 
 
This was a comparative study to determine the effect of a chiropractic treatment protocol 
in conjunction with a specific rehabilitation protocol for the chronic low back pain 
sufferer. This chapter serves to explain and describe the way in which this research study 
was constructed and performed. 
 
3.2      PATIENT SELECTION 
 
Candidates for the study were recruited by means of advertising posters placed 
throughout the Technikon Witwatersrand, Doornfontein Campus. (Appendix A) Some of 
the patients were also recruited through information pamphlets that were distributed in 
the Lenasia and Fourways areas and also by word of mouth. 
 
3.3      SELECTION CRITERIA 
 
Participants for the research study were accepted on the basis of certain inclusion and 
exclusion criteria. 
 
3.3.1      Inclusion Criteria 
 
The following inclusion criteria were used to determine if patients were suitable for 
participation in this study: 
 
A minimum age of participation was 18 and the maximum 55 years of age, which is in 
accordance with the study by Descarreaux, Normand Laurencelle & Dugas (2001:498). 
All patients had to have chronic non-complicated low back pain of more than seven 
weeks duration, which concurs with the study by Descarreaux et al. (2001:498). The 
following qualifying tests were used to evaluate the shortened or weakened state of the 
lumbar extensors and the abdominal muscles: 
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i. Visual assessment of postural signs showing shortness in the quadratus 
lumborum muscles. (Liebenson 1996:130) 
 
• The patient was asked to stand with the abdominal and lumbar area maximally 
exposed. 
• The researcher observed on a side profile for an increased lumbosacral 
lordosis due to unilaterally or bilateral shortening of the quadratus lumborum 
or erector spinae muscles. (Liebenson 1996:128-130) Cox (1999:663) concurs 
with Simons and Travell (1999 I:105), that shortening of the erector spinae 
and quadratus lumborum muscles with weakness of the abdominal muscles 
causes the lumbar spine to be tipped toward one side. As a result, the sacrum 
would tilt posteriorly in relation to the pelvis. 
• According to Liebenson (1996:128-30) deviation of the lumbar spine may be 
seen in chronic cases, resulting in a scoliosis, which can be observed on a rear 
view. Thus a raised gluteal fold may be seen on the convex side of the curve 
with the ipsilateral posterior superior iliac spine closer to the sacrum. 
 
Simons & Travell (1999 II: 108) confirm the aforementioned visual criteria with regards 
to unilateral paraspinal hypertonicity. 
 
ii. Visual assessment of weakened abdominal muscles. (Liebenson 1996:132-
133) 
 
• The patient was asked to stand erect with the abdominal area sufficiently exposed 
• According to Liebenson (1996:132-133), on a frontal view, the researcher 
observed for an increased vertical diameter or sagging of the abdomen 
• On a side view, protrusion of the abdominal wall may be seen with weak 
abdominal muscles 
• These visual criteria concurs with Simons & Travell (1999 I: 670 and 675) who 
stated that a protuberance of the anterior abdominal wall may be present with an 
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increased lumbar lordosis which proved to be an indicator of weakened rectus 
abdominis muscles 
 
iii. Sorensen’s test, which is a static back extensor endurance test. (Biering-
Sorensen 2001:111-114) 
 
• Patients with a test time of fifty-five seconds or less were accepted into the study 
• The procedure for this test in explained in further detail under the objective data 
section 
• This test is a reliable and valid method of assessing isometric back extensor 
endurance (Biering-Sorensen 2001:120)  
 
iv. Decreased lumbar range of movement in flexion and extension, which was 
measured, with the use of a portable hand-held digital inclinometer. 
 
• The inclinometer provides an indication of the amount of impairment that 
exists in a specific plane of movement 
• According to Stude (1999:22), the inclinometer is approximately three to five 
degrees accurate and is considered a valid instrument in measuring range of 
movement 
 
The respondents considered liable for the study were screened for possible severe 
underlying pathology through a case history, pertinent physical and lumbar spine and 
pelvic regional examinations. (Refer to Appendix C for the clinic documentation) 
 
3.3.2      Exclusion Criteria 
 
The following exclusion criteria were used to determine if patients were not suitable for 
participation in the study. These criteria remained consistent with the research done by 
Descarreaux et al. (2002:498): 
 
 52
i. Spondylolithesis or spondylolysis  
ii. Ankylosing spondylitis and scoliosis 
iii. Spinal osteoarthritis or inflammatory arthritis 
iv. Nerve root compression and/or gross neurological fallout  
v. Trunk neuromuscular disease  
vi. Previous spinal surgery  
vii. Malignant tumor 
viii. Hypertension  
ix. Pregnancy and/or breastfeeding 
 
Any contraindications to manipulative therapy and strengthening exercises were arrived 
at by means of red flag questions in the case history as well as positive signs and tests 
elicited during the examination (Gatterman 1990:67-68) (Appendix D). Patients 
exhibiting any of the aforementioned conditions were excluded from participation in the 
study.  
 
3.4       SAMPLE SIZE 
 
A minimum of thirty candidates was required to participate in the study. Each selected 
candidate was fully informed of the treatment protocol and consented to the chiropractic 
spinal adjustments as well as the spinal rehabilitation program devised for this study. The 
candidates were also required to sign a Subject Information and Consent Form. 
(Appendix B) 
 
3.5      RANDOMIZATION   
 
The thirty participants that qualified for the study were randomly placed into one of two 
respective groups each having a compliment of fifteen patients. Once each individual 
patient had been evaluated and was considered eligible for the research, the first patient 
was assigned to the control group, the second patient to the experimental group and the 
third patient to the control group and so forth up to the 13th patient that qualified.  
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The experimental group consisted of patients who were supervised through the spinal 
rehabilitation program, while the patients in the control group were prescribed an 
independent home-based exercise program. Both groups were given exactly the same 
rehabilitation program. In addition, all thirty patients received chiropractic adjustments to 
the lumbar spine and pelvis to restore mobility and correct any mechanical dysfunction in 
a restricted joint.  
 
3.6      FREQUENCY AND DURATION OF TREATMENT   
 
Each patient in both groups was treated twelve times over a period of six-weeks. The 
frequency of the follow-ups was three times weekly for the first two weeks, two times 
weekly for the third and forth weeks and then once weekly for the final two weeks of the 
study. This was in accordance with the research by Ljunggren, Weber, Kogstad, Thom & 
Kirkesola (1997:1610-1617) which demonstrated that frequent patient follow-ups seem to 
be a prerequisite for good compliance.  
 
The first scheduled consultation, referred to as the qualifying consultation, lasted for ten 
minutes during which the qualifying tests were performed. A second scheduled 
consultation was made with those participants who qualified for the study. This 
consultation, referred to as the initial consultation lasted for one hour and thirty minutes 
during which the case history, pertinent physical and lumbar spine and pelvis regional 
examinations were completed. 
 
A schedule of eleven further follow-up consultations for both groups were made to set the 
standard for the frequency of the treatments. A typical follow-up consisted of a brief 
assessment of the patient and completion of a SOAP note (Appendix C) prior to 
administering chiropractic adjustments to the restricted segments of the lumbar spine and 
pelvis. The patients in the experimental group were instructed and supervised by the 
researcher through the rehabilitation program during these sessions. In the first 
consultation, the patients in the controlled group were handed a sixty-five-centimetre 
“Swiss” gym ball and complimentary aids in the form of written out instructions with 
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diagrams of the program. An exercise log sheet was also given out to these patients to 
monitor the subject’s participation and compliances to the program, which was in 
accordance to the study by Descarreaux et al. (2000:502) (Appendix F). Each subsequent 
follow-up lasted no longer then thirty minutes.   
 
All this information was stated in the Subject Information and Consent Form (Appendix 
B), which all prospective patients had to sign prior to their being accepted in the research 
study. As part of the formality of participating in this research, they were requested to 
adhere to the treatment time allocations as strictly as possible. 
 
Each patient was required to complete the Numerical Pain Rating Scale 101 (NPRS 101) 
and the Oswestry Low Back Pain and Disability Index questionnaire (Appendix D) at the 
first, the sixth and the twelfth consultations. This was done so as to measure subjective 
changes in the low back, functional ability and levels of pain respectively.  
 
The objective assessments, which included the Sorensen’s test and active ranges of 
motion of the lumbar spine in the sagittal plane were also measured and recorded at the 
first, sixth and final consultations. 
 
3.7       SPINAL ADJUSTMENT TECHNIQUES 
 
Standard diversified chiropractic techniques were used for the correction of abnormal 
biomechanical function as indicated by the specific orthopaedic, neurological and 
chiropractic assessment procedures. These included the assessment of joint play and 
motion palpation to detect the restricted motion segments of the spine and pelvis. These 
techniques involved a high velocity, low amplitude thrust that was usually accompanied 
by an audible pop or cracking sound. This sound, which is caused by a gapping or a 
cavitation of the joint, allows a greater passive range of movement. (Bergmann & 
Peterson 2002:98-99) 
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All candidates received two spinal adjusting techniques to the lumbar spine and pelvis 
known as the Transverso-Deltoid and the Thigh Ilio-Deltoid techniques. (States 
1991:103-119) 
 
3.8      THE SPINAL REHABILITATION PROGRAM 
 
This program was designed to recondition the key spinal stabilizers through building 
strength and endurance while insisting on proper neuromuscular control and 
coordination. The program consisted of twelve sessions in total over a six-week period. 
According to Liebenson (1996:298) a six-week stabilization course is adequate to begin 
the process of “reprogramming” better neuromuscular control and spinal stability. The 
patients were required to perform the following procedures for the completion of the 
spinal rehabilitation program: 
 
3.8.1    Warm-up 
 
Each session commenced with a ten-minute warm-up program. The subjects in the 
control group had a choice of either a fast walk, cycle or a light jog. Subjects in the 
experimental group had only the option of a light jog due to the limited availability of 
space and the lack of a stationary bicycle at the clinic. According to Prentice & Voight 
(2001:88), a warm-up prior to stretching increases the temperature of the muscles and has 
a positive effect on the ability of the collagen and elastin components within the 
musculotendinous unit to deform. 
 
3.8.2    Stretching Program   
 
The warm-up was followed by static stretching of the spinal stabilizers i.e. the erector 
spinae, quadratus lumborum and the rectus abdominus muscles. (Appendix E) Emphasis 
was placed on stretching before strengthening. Patients in the control group were advised 
to stretch twice before and after twice the strengthening program. The patients in the 
experimental group were assisted and supervised through the stretches before and after 
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the strengthening program. A gradual increase in the duration of each stretch was 
maintained (minimum ten seconds, maximum thirty seconds), with subsequent visits. 
 
The following stretching techniques were utilized to stretch the lumbar extensor muscles 
(Appendix E): 
 
i. Low-Back Stretching exercise (Simons & Travell I 1999:655-656) 
 
• The patients were asked to lie supine on the floor, with both knees straight  
• They were then asked to draw one knee to the chest with hands clasped around 
the thigh, just behind the knee 
• This leg was then returned to the straight-leg position 
• The opposite thigh was then flexed toward the chest and returned to the straight-
leg position 
• Finally, the patients were asked to draw both legs to their chests, with both hands 
grasping the thighs rather than the knees to avoid forced knee flexion 
• This stretch was performed twice and held for ten seconds at a time. The patients 
were asked to breathe deeply during throughout the stretch 
 
ii. Back Stretch (Fielding & Fielding 2002:87) 
 
• The patients were asked to assume the quadruped position with the back 
horizontal elbows straight and palms flat on the floor, and both knees in the 90/90 
positions 
• The patients were required to flex both the thighs maximally, thereby lowering 
the pelvis to the floor. The arms were stretched out in front of their torsos with the 
palms still contacting the floor 
• The head and neck were also maximally flexed and resting on the floor 
• The stretch was performed twice and held for ten seconds at a time. Deep breaths 
were advised throughout the stretch 
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iii. Seated Low-Back stretch (Simons & Travell I 1999:669) 
• The patients were asked to sit on the gym ball with feet flat on the floor and 
spaced apart for support 
• The patients were required to laterally flex and rotate the low back to one side 
• The arm, contralateral to the side to the side to be stretched, reached over and 
across the head toward the side of lateral bending 
• The hand of the other arm encircled the wrist of the arm that that was stretched 
The patients were instructed to pull the arm at the wrist to further emphasize the 
stretch 
• This stretch was held for ten seconds before alternating to the other side 
 
iv. Extended Lumbar Roll (Simons & Travell II 1999:643) 
 
• The patients were asked to lie supine on the floor with the hips and knees flexed 
and feet flat on the floor 
• The thigh on the side to be stretched was adducted and the opposite thigh crossed 
over the adducted thigh 
• The patients were asked to relax and allow the pelvis to roll toward the opposite 
side 
• As the patients inhaled slowly, they were required to abduct the thigh against 
resistance from the crossed over leg 
• The patients were then asked to relax and slowly exhale thereby allowing the 
weight of the crossed leg to pull the pelvis toward the side opposite to that being 
stretched 
• The stretch was released by the slipping of the crossed leg off the adducted thigh 
thereby releasing tension off that leg. Both hips and knees were then returned to 
the preparatory position 
• This stretch was then repeated for the alternate side 
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The following stretching technique was utilized to stretch the lumbar flexor muscles 
(Appendix E): 
 
i. Abdominal muscle stretch (Liebenson 1996: 315) 
 
• The patients were required to sit on the gym ball with the pelvis close to the edge 
of the ball 
• The patients were then asked to walk their feet forward, while slowly lowering the 
back onto the ball until the entire back region was firmly supported by the ball 
• The abdomen was to be protruded which was facilitated by slow and deep 
inhalation 
• The stretch was held on an average of five seconds 
• The patients were then asked to exhale and relax before repeating the stretch 
 
3.8.3    Spinal Strengthening Program 
 
Mizel (2001:224) commented that the potential for the use of the adjunctive equipment 
(e.g. the gym ball) in the rehabiliation of chronic low back pain opened the door for 
further discussion and investigation. (Merrit 2001:221-224) In this study, a floor routine 
of spinal stabilization exercises was performed; utilizing the “Swiss” gym ball. 
(Appendix E). 
 
Gym balls are used to either provide increased support of the spine and extremities or to 
challenge the patient’s balance and dynamic stabilization skills. It is a useful piece of 
adjunctive exercise equipment and allows the patients to perform vigorous exercise 
programs an ongoing basis at home. (Taylor & Twomey 1994:394) According to Merrit 
(2001:223), the advantages of the gym ball are that it is safe, minimizes injury and helps 
to activate proprioception, balance and equilibrium control, thus addressing difficulties in 
the stabilization components.  
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Each patient completed the following strengthening exercise program over a period of six 
weeks from the initial to the sixth consultation week. The subjects in the control group 
were instructed to perform the exercises at home on the same day as their scheduled 
consultation sessions with the researcher. This was done to standardize the number of 
exercise sessions between the two groups.  
 
Patients in both groups were advised to perform each exercise to pain tolerance comfort 
initially, with few repetitions. With each subsequent week, the endurance times and 
repetitions were gradually increased as the strength of the lumbar stabilizers increased.  
 
For those patients who had difficulty performing the exercises on the gym ball at the start 
of the program, the exercises were made easier by using the concept of “peeling back.” 
“Peel back” refers to reducing the complexity of a movement by making it easier (Cox 
1999:669). The strengthening exercises were carried out on the floor before progressing 
to the gym ball. The incorporation of this idea into the research trial was conceptualised 
by the supervisor for this study. 
 
3.8.3.a Abdominal Exercises  
 
These are modified abdominal crunch exercises focusing on the rectus abdominus, 
transverses abdominus and obliques externus and internus muscles. (Taylor & Twomey 
1994:393-395) 
 
i. Trunk Curl 
 
• The patients were required to either lie on the floor in a bridge position on the 
ball to facilitate the gluteal and hamstring muscles thereby inhibiting the 
iliopsoas muscles 
• Alternatively they could have sat on the ball with feet placed flat on the 
ground with the ball supporting their back and hands supporting either the 
chest or the head (Appendix E) 
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• The patients were asked to curl up slowly as they contracted the abdominal 
muscles 
• The patients were then instructed to exhale slowly while simultaneously 
returning to the preparatory position before repeating the exercise 
• The incorporation of the gym ball further increased the range through which 
the abdominal muscles had to contract 
• The patients were required to perform one set of fifteen repetitions initially 
(depending on the patient’s pain tolerances), with the contraction held for two 
seconds 
 
ii. Oblique Trunk Curl 
 
• The oblique abdominal crunch is the most effective exercise for training the 
oblique abdominal muscles 
• The position for this exercise remained the same as that for the trunk curls 
• The patients were required to perform oblique curls by rotating the trunk to 
each side. The hands were crossed across the chest or placed behind the head 
• These were performed initially in two sets of ten repetitions on each side, with 
the contraction held for two seconds 
 
The efficacy of flexion exercises is theorized to have the following effects (Prentice & 
Voight 2001:650): 
i. decreases the articular stresses on the facet joints 
ii. stretches the thoracolumbar fascia and lumbar spine musculature 
iii. opens the intervertebral foramina 
iv. provides relief of the stenosis of the spinal canal 
v. improves the stabilising effect of the abdominal muscles 
vi. increases the intraabdominal pressure due to the improved tone and strength 
of the  abominal muscle 
vii. proprioceptive disturbance with pain perception since the exercises allow 
for self-mobilisation of the spinal joints 
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Prentice & Voight (2001:650) advised that flexion exercises should be used 
cautiously and perhaps avoided in the case of an acute disc prolapse or a laterally 
shifted posture. 
 
 
3.8.3.b The Low Back Exercises  
 
These exercises targeted the quadratus lumborum, erector spinae and the multifidi 
muscles. (Taylor & Twomey 1994:395-399) 
 
i. Pelvic Tilt Exercise 
 
• This exercise places an emphasis on the abdominal muscles as well as the 
paraspinal muscles 
• The patients were required to lie supine on the floor in the bridge position 
with the heels dug into the ball (Appendix E) 
• The patients were instructed to contract the abdominal and the lumbar 
extensors thereby simulating the pelvic lift exercise 
• The hands were placed, palm down, on the floor to support the patient in 
performing this exercise. The patients were required to perform one set of 
ten repetitions initially, with the contraction held for two seconds 
 
ii. Quadruped Exercise 
 
• This exercise incorporates arm and leg movements and requires significant 
coordination of the trunk musculature for control of motion 
• The training effect has an added emphasis on the gluteal and transverses 
abdominus muscles 
• The patients were required to assume the quadruped position with the ball 
supporting the abdomen and chest 
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• The alternate leg and arm were raised in this position to strengthen the 
lumbar region 
• The patients were required to perform two sets of ten repetitions on each 
side initially, with the contraction held for two seconds 
 
iii. Lumbar Extension Exercise (Liebenson 1996:314) 
 
• This exercise emphasizes the deep and superficial spinal extensor muscles 
• The patients were required to kneel on the floor, with feet against the wall 
for support if necessary, and the gym ball placed in front of them 
• The patient then leans over the ball with the chest and trunk firmly 
supported on the ball and back straight 
• The hands are placed either behind the head or supporting the neck 
• The dorsal spine is slowly extended until the chest just lifts of the ball 
• Caution was exercised and advised to prevent hyperextension of the spine 
during this exercise 
• The patient then returned to the preparatory position whilst simultaneously 
exhaling before repeating the exercise 
The patients were required to perform one set of ten repetitions initially, with 
the contraction held for two seconds 
 
 
The efficacy of extension exercises is theorized to have one or more of the 
following effects (Prentice & Voight 2001:647): 
• Reduces neural tension 
• Reduces the pressures and stresses imposed on the disc 
• Increases the strength and endurance of the lumbar extensor muscles 
• Disturbs proprioception of pain sensation since the exercises permit 
self-mobilisation of the spinal joints 
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Prentice & Voight (2001:647) advised caution when prescribing end-range 
hyperextension exercises for patients having facet joint degeneration; 
impingement of the vertebral foramen margins on neural structures; 
spondylolysis or spondylolisthesis. 
 
3.9     DATA COLLECTION AND INTERPRETATION  
 
3.9.1    Subjective Data Collection  
 
The candidates were all required to complete two questionnaires in order to collect data. 
This was in the form of the NPRS 101 and the Oswestry Low Back Pain and Disability 
Index (Appendix D). The purpose of the questionnaires was to measure subjective 
changes in lower back pain, functional ability and levels of pain respectively before 
treatment commenced, during the course of treatment and at the last consultation before 
the patient was released from care. Exercise log sheets, handed to the patients in the 
control group, were used to monitor the subjects’ participation and compliances to the 
exercise program. (Descarreaux et al. 2002:502) (Appendix F) The subjects’ use of 
analgesics or anti-inflammatory medication during the study period was also 
documented. 
 
3.9.1.a The Numerical Pain Rating Scale 101 
 
The Numerical Pain Rating Scale 101 (NPRS 101) (Vernon 1996:61) (Appendix D) is a 
revised Visual Analogue Scale (VAS). The NPRS 101 was preferred over the unrefined 
VAS since it was easier to use with patients. (Liebenson 1996:61) 
 
The NPRS 101 measures the participants’ subjective response of the perception of pain 
intensity to the treatment. The participants were instructed to rate their lower back pain 
severity by selecting and marking one of the 11 boxes ranging from 0 representing no 
pain to 10 representing excruciating pain. 
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Each patient was instructed to cross the appropriate number between 0 and 10 to rate the 
severity of their usual pain levels, rather than the current levels which represented the 
pain experienced, from the patients’ perspective.  The average pain intensity experienced 
by each patient over the six-week consultation period was then used for statistical 
analysis (Appendix J).  According to Fairbank, Cooper & Davis (1996:61-71), the NPRS 
(101) is a valid and reliable measure of pain intensity. 
 
Refer to Appendix D for the Oswestry Low Back Pain and Disability Index and for the 
NPRS (101). These two separate outcome measures were placed on the same page for 
ease of patient use. 
 
3.9.1.b Oswestry Low Back Pain and Disability Index 
 
This questionnaire (Appendix D) is a method of assessing percentage disability and pain 
specifically targeting the activities of daily living, which are most affected by lower back 
pain. (Liebenson 1996:65) 
 
According to Stude (1999:23), this questionnaire is a commonly used instrument to 
obtain an objective measurement of a patients’ self-reported level of disability due to 
lower back pain. The popularity of this instrument is related to its practicality and 
responsiveness. It is also noted that the Oswestry questionnaire is more sensitive in 
measuring results with chronic pain patients. (Chapman-Smith 1990:1-6) Regarding 
validity, Fairbank et al. (1996:65), reported that Oswestry scores lowered after a weeks 
rest period, which is presumed to indicate sensitivity to treatment effects.  
 
The instructions for answering the questionnaire appeared at the top of the page. The 
patients were to answer every section and mark only one box in each section. Only that 
box that most closely described the patients’ immediate condition was to be marked. 
(Fairbank et al. 1996:65-71) 
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Scoring, interpreting and reporting the questionnaire involved the following criteria 
(Fairbank et al.1996: 65-71): 
 
• For each of the ten sections the highest possible score is 5 and the lowest is 0 
• The top statement scored 0 if filled in and the scores progressively increased by 1 
down to statement six – up to a maximum of 5 
• The sum of all the completed sections were tallied and given as a percentage of 
the highest possible score 
• Thus, if all sections are completed the highest score attainable would be 50, and 
this would decrease by 5 for each section that was left out 
 
Example:    18 (Total Scored)              100 
--------------------     X    --------       =   36% 
50 (Total Possible)             1 
 
If one section was left out, scoring was done as follows: 
 
Example:    16 (Total Scored)              100 
--------------------     X    --------       =  35.5% 
45 (Total Possible)             1 
 
With regards to interpretation of these total scores, the following overall ratings were 
used (Chapman-Smith 1990:3): 
 
0-20% Minimal disability 
20-40% Moderate disability 
40-60% Severe disability 
60-80% Crippled 
80-100% Bed Bound or exaggerating 
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The scoring method was never explained nor discussed to the candidates. This was done 
to avoid influencing responses on subsequent questionnaires.  
 
3.9.1.c Exercise Log Sheet 
 
As part of the study, each subject in the control group were required to make recordings 
of the following coinciding with day of the scheduled consultations:  
 
i. The patients had to indicate whether the exercises were performed or not 
ii. The patients had to indicate whether there was any pain before, during or after 
the exercises were performed 
iii. The number of sets and repetitions preformed as well as the time held for each 
individual exercise was recorded 
 
The use of an exercise log sheet allowed the researcher to monitor the subjects’ 
participation during the course of the research study. It also assisted in correcting exercise 
volumes that were inadequate (too easy or too hard) and gave a good indication of 
exercise difficulty levels with each subsequent week. The exercise log sheet served as a 
personal diary, which was used to oversee patient participation and compliance to the 
program. This was in accordance to the study by Descarreaux et al. (2002:502). 
 
3.9.2   Objective Data Collection 
 
Objective data was gathered using the digital inclinometer to measure the candidates’ 
active range of motion in the sagittal plane. These readings were taken at the initial, sixth 
and twelfth visits. The readings were taken three times for each measurement and the 
average was then used.  
 
ROM is routinely assessed during the examination of the patient and provides a 
measurement of the amount of impairment that exists in a specific plane of movement. 
(Stude 1999:22) Each subject had to perform the Sorensen’s test, which measures 
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isometric back extensor endurance, and the test score was recorded. The ranges of motion 
and the Sorensen’s test readings were tabulated for comparison and statistical analysis. 
This analysis can be seen in Chapter 4. 
 
3.9.2.a Sorensen’s Test 
 
Biering-Sorensen (2001:111-114) popularised a static postural endurance test, which 
measures isometric back extensor endurance (Figure 17). This test measures the time a 
subject can keep the unsupported trunk (from the upper border of the iliac crest) 
horizontal while lying prone on an examination table until they can no longer control the 
posture, or can no longer tolerate the procedure or until symptoms of fatigue are reached. 
(Moreau, Green, Johnson & Susan 2001:110-122)  Of the assessment strategies available, 
isometric endurance testing seems to be cost-effective and requires little or no equipment 
at all. (Moreau et al. (2001:110-120) 
 
 
 
Figure 17: Sorensen’s Test (Patient positioning for the test) 
(Moreau, Green, Johnson & Susan 2001:111) 
 
The procedure was carried out as follows:  
• The patients had to lie prone on a plinth with the trunk (from the upper border of 
the iliac crest) unsupported, with the hands either behind the head or placed across 
the chest 
• The researcher held down the patients’ legs with the researcher’s body weight 
This was done to reduce time in the patient set-up when performing the test 
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• The patients were required to extend the trunk until the back was in line with the 
rest of the body 
• This position was to be maintained until the posture could no longer be controlled, 
or no more tolerance for the procedure or symptoms of fatigue are reached 
• The time held by each patient (in seconds) for the test, was recorded by the 
examiner. A Swatch Irony watch was used to record the times for all 30 patients 
to maintain continuity 
 
Moreau et al. (2001:110-120), found that patients with low back pain had significantly 
shorter endurance times than the controls. According to the literature, the mean extensor 
endurance time for mixed sex groups ranged from 77.76 to 129 seconds in healthy 
individuals with a maximum of 240 seconds. For individuals with low back pain, the 
mean endurance time range was 39.55 to 54.5 seconds on mixed sex groups.  
 
The risk of belonging to a population of patients who have recurrent or chronic low back 
pain increases significantly when isometric extensor endurance is decreased in 
comparison with that in healthy patients. Inactive subjects demonstrate statistically 
significant lower Sorensen’s times then active subjects (exercising 30 minutes/week), and 
more frequent and intense exercise in the past year has significant associations with 
longer endurance times. (Gibbons, Videman & Battie 1997:113) 
  
A disadvantage of back muscle endurance testing according to Biering -Sorensen 
(2001:120) is that it depends on the motivation of the subject to complete the test to his or 
her own perceived limit of fatigue. 
 
Since the test requires the subject to sustain the position to fatigue, certain health risks 
may be associated especially with subjects with low back pain. 
 
Informing patients of the symptoms that may occur during the performance of the test is 
thus essential in preventing any injury. (Latikka, Battie, Videman & Gibbons 2001:114) 
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These symptoms include: 
1. Exacerbation of back pain due to hyperextension of the lumbar spine  
2. Radicular fallout into the lower limbs and abdomen 
3. Calf cramps 
4. Neck pain or any other discomfort in the head 
5. Abdominal pain 
6. Breathlessness 
 
Moreau et al. (2001:110-120) concluded from their study, that Sorensen’s test 
demonstrated good reliability and validity from day to day and between examiners. 
Different measures of validity have also shown that the test produces results relating to 
assessment of isometric back extension endurance and that the test has been declared safe 
for patients. 
 
3.9.2.b Range of Motion of the Lumbar Spine in the Sagittal Plane 
 
For this study, three sets of flexion and extension ranges of active motion of the lumbar 
spine were measured with a digital inclinometer for all thirty patients. The inclinometer is 
recommended by the American College of Sports Medicine to assess trunk range of 
motion and flexibility. (Descareaux et al. 2002:499) A variety of instruments are used in 
the measurement of range of motion with the two most common being inclinometers and 
goniometers. (Stude 1999:22) 
 
The measurements were taken at the initial; sixth and twelfth/final follow-up visits. The 
aim of this was to establish whether there were any changes in the range of sagittal 
motion as a result of the study. 
 
Measurements of lumbar flexion and extension active movements were taken as follows: 
 
• Patients were instructed to stand upright with bare feet and with the lumbar spine 
and posterior superior iliac spines exposed 
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• Using a skin pencil the researcher located and marked the T12/L1 and L5/S1 
interspaces 
• The short base of the inclinometer was then placed on the T12/L1 interspace and 
the inclinometer was zeroed on the patients in this position 
• The patients were asked to flex maximally with arms hanging freely and the 
readings were noted in the fully flexed position 
• The inclinometer was then placed at the L5/S1 interspace and was zeroed again 
before the patients were asked to fully flex again. These readings were also noted 
• The patient was then asked extend maximally with the inclinometer zeroed at the 
T12/L1 and L5/S1 interspaces respectively. The readings were noted in the fully 
extended position 
• Three readings were taken for each measurement and an average was drawn 
• Lumbar flexion was calculated as follows: 
 
Average at T12/L1 – Average at L5/S1 = True Lumbar flexion 
 
• Lumbar extension was calculated using the same method as above, using the 
extension readings 
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4.1 DEMOGRAPHIC DATA 
 
Patients recruited for the study were between the ages of 18 and 50 years old, with a 
mean age of 32 years. The gender distribution for the combined sample group consisted 
of 8 male and 22 female patients. 
 
Patients allocated to group 1 were aged between 20 and 46 years old, with a mean age of 
26.7 years old. Group 1 consisted of 3 male and 12 female patients. Patients in group 1 
had, had low back pain ranging from between 2 to 108 months, with a mean duration of 
32.8 months. 
 
Patients allocated to group 2 were between the ages of 19 and 53 years old, with a mean 
age of 37.3 years old. Group 2 consisted of 5 male and 10 female patients. Patients in 
group 2 had, had low back pain ranging from between 6 to 300 months, with a mean 
duration of 71.3 months. 
 
Table 4.1 shows the above data in a concise tabulated format. 
 
Table 1: Demographic Data 
Data Control 
Group 
Experimental 
Group 
Combined 
Total 
Age 
Distribution 
20-46 years  19-53 years  19-53 years 
Mean Age 26.7 years  37.3 years 32 years 
Gender 
Distribution 
3 males 
12 females  
5 males 
10 females 
8 males 
22 females 
Range of 
Duration of 
Chronic LBP  
 
2-108 months 
 
6-300 months 
 
2-300 months 
Mean Duration  32.8 months 71.3 months 52.1 months 
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4.2  SUBJECTIVE AND OBJECTIVE DATA  
 
The results attained from the measured variables were tabulated and analysed. The 
measurements taken from the control and experimental group included lumbar spine 
flexion and lumbar spine extension active range of movement as well as Sorensen’s Test 
for lumbar extensor muscle endurance. These measurements were obtained before any 
treatment commenced at the first, sixth and twelfth consultations.  
 
The subjective measurements, which included the Oswestry Low Back Pain and 
Disability questionnaire and the NPRS 101, were also obtained at the same three 
consultations as mentioned above. These questionnaires were checked to ensure that they 
had been completed correctly and the results were added up and converted to 
percentages. The data obtained was then statistically analysed.  
 
4.3  STATISTICAL ANALYSIS OF DATA 
 
All raw data was statistically analysed and checked for normality and the p-values were 
calculated to indicate a normal or non-normal distribution of results. A statistical 
significance was indicated at p< 0.05.  
 
For normally distributed data, the One Way Analysis of Variance test was used to 
indicate a statistical significance between follow-ups for intra-group analysis. If a 
statistical significance was found, i.e. where p<0.05, further testing in the form of the 
Student-Newman Keuls test was performed to identify exactly which of the measurement 
intervals were statistically significant. This test constituted an intra-group analysis. 
 
The Student-Newman Keuls test was not performed if a statistical difference was not 
found between the follow-up visits.  
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The comparisons between the treatment intervals included the following: 
1) Initial and the sixth follow-up treatment session 
2) Sixth and twelfth follow-up treatment session 
3)  Initial and twelfth follow-up treatment session 
 
The results obtained were compared with each other to determine whether any statistical 
significant changes between the treatment sessions were present. 
 
The t-test was used to analyse inter-group differences to pinpoint exactly which of the 
follow-up sessions showed a statistical significance for the two groups. The comparisons 
between the two groups consisted of the following:  
1) Control group and the experimental group at the initial treatment session 
2) Control group and the experimental group at the sixth treatment session 
3) Control group and the experimental group at the twelfth treatment session 
 
The results were compared to determine if any statistically significant changes existed 
between the two groups for those individual visits. 
 
The statistically analysed means of the data were tabulated and also used to plot bar 
graphs. The graphs are used to illustrate the objective and subjective changes between the 
two groups over the initial, sixth and twelfth treatment sessions for all the measured 
variables. 
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4.3.1 STATISTICAL ANALYSIS OF LUMBAR FLEXION RANGE OF 
MOTION 
 
 
 
 
 
 
Graph 1: Lumbar spine range of motion in flexion 
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Table 2:  Lumbar spine flexion intra-group analysis 
Factor Control Group Experimental Group 
Rx # 1 mean 22.1 23.2 
Rx # 6 mean 23.7 25.6 
Rx # 12 mean 26.3 27.4 
Normal Distribution  Yes Yes 
Statistically Significant 
Difference between Rx 
(p<0.05) 
 
No 
 
No 
 
pValue  0.43 0.61 
 
The table above shows the intra-group analysis of changes in lumbar spine flexion 
measurements for the control and experimental groups. The lumbar spine range of flexion 
was calculated by subtracting the inclinometer reading at L5-S1 whilst in flexion from 
the reading at T12-L1 in flexion as described in Chapter three. 
 
No statistically significant difference (p<0.05) was noted on intra-group analysis of 
lumbar spine ROM in flexion for the two groups independently. 
 
At the initial evaluation session, the control group had a mean range of flexion of 22.1 
degrees (standard error mean ± 2.76) whilst the experimental group had a mean of 23.2 
degrees (standard error mean ± 1.25). Both groups showed a symmetrical progressive 
increase, which seemed to level out at 4.2 degrees by the twelfth measurement follow-up. 
Although no statistically significant difference was noted upon intra-group analysis, 
looking at the graph, a small but gradual overall improvement in lumbar spine ROM in 
flexion can be seen for both the control and experimental groups individually. 
 
The control group showed a somewhat greater increase in lumbar spine flexion between 
the sixth and twelfth measurement intervals of 2.6 degrees while the experimental group 
in contrast showed a marginal improvement of 2.4 degrees between the first and sixth 
measurement intervals. 
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Table 3: Lumbar spine flexion inter-group comparison at the initial, sixth and twelfth 
treatment sessions 
 
Rx No. 
Statistically 
Significant 
Difference  
 
p Value 
Normal  
Distribution  
1 No 0.76 Yes 
6 No 0.59 Yes 
12 No 0.79 Yes 
 
No statistically significant difference was noted on inter-group analysis as the ROM of 
flexion at the three different treatment intervals. Both groups displayed a similar trend 
towards a gradual increase in the range of flexion of lumbar spine over the duration of the 
research trial. The Graph in conjunction with the Table shows an improvement of 4.2 
degrees for both the groups by the twelfth treatment session. 
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4.3.2 STATISTICAL ANAYLSIS OF LUMBAR SPINE EXTENSION ROM 
 
 
 
 
 
 
 
Graph 2: Lumbar spine range of motion in extension 
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Table 4: Lumbar spine extension intra-group analysis 
Factor Control Group Experimental Group 
Rx# 1 Mean 8.62 8.96 
Rx# 6 Mean 11.56 8.60 
Rx# 12 Mean 13.22 11.69 
Normal Distribution  Yes Yes 
Statistically significant 
Difference between Rx 
(p<0.05) 
 
No 
 
No 
p Value 0.25 0.27 
 
The above table details the intra-group analysis of changes in lumbar spine extension, 
from the initial treatment session to the final treatment session. 
 
Inter-group analysis shows that there was no statistically significant difference (p>0.05) 
noted between the control group and the experimental group in terms of ROM in 
extension at the first, sixth and twelfth treatment sessions.  
 
The control group had an initial mean ROM in extension of 8.62 degrees (standard error 
mean ± 5.97), which gradually improved by 4.60 degrees by the twelfth visit. The 
experimental group in comparison had an initial mean ROM in extension of 8.96 degrees 
(standard error mean ± 4.83), which increased insignificantly to 11.69 degrees (standard 
error mean ± 1.75) by the twelfth measurement.  
 
The experimental group in comparison had an initial mean ROM in extension of 8.96 
degrees (standard error mean ± 1.25). It then decreased slightly by 0.36 degrees at the 
sixth treatment session, but by the twelfth treatment session it increased to 11.69 degrees  
(standard error mean ± 1.75). This increase was however insignificant.  
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Table5: Lumbar spine extension inter-group comparison at the initial, sixth and 
twelfth treatment sessions 
Rx Number Statistically 
Significant 
Difference  
 
p Value 
Normal  
Distribution  
1 No 0.89 Yes 
6 No 0.11 Yes 
12 No 0.64 No 
 
Upon inter-group analysis, both the control and experimental groups showed no 
statistically significant difference (p>0.05) at the initial, sixth and twelfth treatment 
session in terms of lumbar spine ROM in extension. Both groups displayed a small but 
gradual increase in lumbar spine ROM in extension as the study progressed. 
Both groups had a similar initial mean ROM in extension. The graph in conjunction with 
the table demonstrates that the improvements made by the control group at the end of the 
sixth treatment session, were attained by the experimental group only at the twelfth 
treatment session. 
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4.3.3 STATISTICAL ANALYSIS OF LUMBAR SPINE FLEXION ROM AT T12-
L1 
 
 
 
 
 
 
Graph 3: Lumbar spine range of  flexion at T12-L1 
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Table 6: Lumbar spine flexion at T12-L1 intra-group comparison 
Factor Control Group Experimental Group 
Rx #1 Mean  86.0 89.9 
Rx # 6 Mean 96.5 94.4 
Rx # 12 Mean 103.8 103.2 
Normal Distribution  Yes  Yes 
Statistically Significant 
Difference between Rx 
(p>0.05) 
 
Yes 
 
No 
p Value 0.04 0.27 
 
The table above shows the intra-group analysis of changes in lumbar spine flexion 
measurements for the two groups. Following intra-group analysis, it can be seen that the 
control group showed a statistically significant increase in flexion at T12-L1 only 
between the first and final treatment sessions. (p<0.05). The experimental group 
demonstrated a statistically insignificant change over the same period. The experimental 
group also failed to show a statistically significant increase with regards to lumbar spine 
flexion at T12-L1 between the initial and sixth and the sixth and final treatment sessions. 
 
The graph related to lumbar spine flexion at T12-L1 demonstrates that both groups 
showed an improvement in the ROM in flexion at the sixth treatment session when 
compared to the initial treatment session, which then seemed to level out by the twelfth 
treatment visit.  
 
The graph in conjunction with the table also indicates that where the control group 
showed an overall improvement of 17.8 degrees in total, the experimental group showed 
a 13.3-degree improvement over the same period. The improvements made by the 
experimental group however, were statistically insignificant. 
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Table 7: Lumbar spine flexion at T12-L1 inter-group comparison at the initial, sixth 
and twelfth treatment sessions 
 
Rx Number 
Statistically 
Significant 
Difference 
 
p Value 
Normal 
Distribution 
1 No 0.60 Yes  
6 No 0.78 No  
12 No 0.94 Yes  
 
The table above shows inter-group comparison for lumbar spine flexion at T12-L1 ROM 
at the initial, sixth and twelfth treatment sessions. 
 
No statistically significant difference was noted for the two groups on inter-group 
analysis. The inter-group comparison in association with the graph shows for the control 
and experimental groups, a similar trend towards increase in range of motion with respect 
to lumbar flexion from the initial to the twelfth treatment session.  
 
According to the table in conjunction with the graph, the control group had a lesser range 
of flexion at T12-L1 at the initial treatment session when compared with the experimental 
group. However, the improvements made by both the groups were on par by the sixth and 
final treatment session. Thus both groups faired equally in the later half of the research 
study in terms of ROM in flexion at T12-L1. 
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4.3.4 STATISTICAL ANALYSIS OF LUMBAR SPINE FLEXION AT L5-S1 
 
 
 
 
 
 
Graph 4: Lumbar spine range of flexion at L5-S1 
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Table 8: Lumbar spine flexion at L5-S1 intra-group comparison 
Factor Control Group Experimental Group 
Rx #1 Mean  63.8 66.7 
Rx # 6 Mean 73.4 68.9 
Rx # 12 Mean 77.6 75.7 
Normal Distribution Yes  Yes  
Statistically Significant 
Difference between Rx 
(p<0.05) 
 
No 
 
No 
p Value 0.072 0.38 
 
The above table shows the intra-group analysis of changes in lumbar spine flexion 
measurements at L5-S1 for both groups. With regards to intra-group analysis, both the 
control and experimental group showed no statistically significant difference (p<0.05) 
between the initial and sixth, sixth and final and the initial and final treatment sessions.  
 
However, with reference to the graph, it is worth noting that the control group had a 63.8-
degree (standard error mean ± 4.61) range of flexion at L5-S1 upon entry into the 
program, which improved by 13.8 degrees by the final treatment visit. These 
improvements however were statistically insignificant. The experimental group in 
contrast had a 66.7-degree (standard error mean ± 4.79) at the start of the research study 
and showed an insignificant change of only 9 degrees upon exist. 
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Table 9: Lumbar spine flexion at L5-S1 inter-group comparison at the initial, sixth and 
twelfth treatment sessions 
 
Rx Number 
Statistically 
Significant 
Difference 
 
p Value 
Normal  
Distribution 
1 No 0.66 Yes  
6 No 0.45 Yes 
12 No 0.76 Yes 
 
The above table shows the inter-group comparison at the initial, sixth and twelfth 
treatment sessions. No statistically significant difference was noted on inter-group 
analysis of the pared groups in terms of lumbar spine ROM in flexion at L5-S1 at any of 
the three measurement intervals. 
 
The graph related to lumbar spine ROM in flexion at L5-S1 demonstrates that both 
groups displayed a similar trend towards increasing ROM in flexion at L5-S1 throughout 
the duration of the study. When looking at the table however, this increase was marginal.  
 
The table in conjunction with the graph shows that the improvements made by the control 
group between the initial and sixth measurement interval was superior to that made by the 
experimental group. However, by the twelfth treatment session, the improvements made 
by both groups seemed to level out. This implies that no one group faired better that the 
other with regards to ROM in flexion at L5-S1. 
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4.3.5 STATISTICAL ANAYLSIS OF THE EXTENSION ROM AT T12-L1 
 
 
 
 
 
 
Graph 5: Lumbar spine range of extension at T12-L1 
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Table 10: Lumbar spine extension at T12-L1 intra-group comparison 
Factor Control Group Experimental Group 
Rx #1 Mean  18.2 22.5 
Rx # 6 Mean 26.8 26.3 
Rx # 12 Mean 31.4 34.8 
Normal Distribution Yes  Yes 
Statistically Significant 
Difference between Rx 
(p<0.05) 
 
Yes 
 
Yes 
p Value 0.00 0.00 
 
The table above shows intra-group analysis of changes in lumbar spine extension 
measurements at T12-L1 specifically for the two groups. Upon statistical analysis of the 
control group, a statistically significant increase in the lumbar extension at T12-L1 was 
noted between the initial and sixth, the sixth and twelfth and the initial and twelfth 
treatment sessions. This group had initial mean of 18.2 degrees (standard error mean ± 
2.33) and a mean of 31.4 degrees (standard error mean ± 3.38), which, increased steadily 
by 13.2 degrees in lumbar ROM at T12-L1 at the twelfth treatment session. 
 
Statistical analysis of the experimental group also showed a statistically significant 
increase in lumbar spine extension at T12-L1 on an intra-group analysis. The 
experimental group had a mean value of 22.5 degrees (standard error mean ± 2.52) of 
lumbar spine extension at T12-L1 at the initial treatment session. An overall increase of 
12.3 degrees was noted at the twelfth treatment session when compared to the initial 
treatment session. A statistically significant increase was noted particularly between 
treatment six and twelve and treatment one and twelve specifically. Thus it can be 
concluded that an improvement in flexibility in extension at T12-L1 occurred in the later 
half of the treatment program. 
 
The related graph above shows the change in degrees of lumbar spine extension at     
T12-L1 for the two groups at initial, sixth and twelfth treatment session. The control 
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group showed a marked improvement between the initial and sixth treatment interval. 
The improvement made by the group in the later part of the study period was half of that 
made in the initial phase of the program. 
 
The related graph demonstrates that the experimental group showed a notable 
improvement in the later part of the study period when compared to the initial phase.  
 
Table 11: Lumbar spine extension at T12-L1 inter-group comparison at the initial, 
sixth and twelfth treatment session 
 
Rx Number  
Statistically 
Significant 
Difference  
 
p Value 
Normal  
Distribution  
1 No 0.22 Yes  
6 No 0.85 Yes  
12 No 0.41 Yes  
 
The inter-group comparison of the range of extension at T12-L1 showed no statistically 
significant difference between the two groups at the three treatment intervals. Looking at 
the graph, one can see that the experimental group had a greater initial mean in Rom in 
extension at T12-L1 when compared to that of the control group. However, by the sixth 
treatment visit, both groups were on equal footing with regards to ROM in extension at 
T12-L1. By the twelfth treatment visit the improvements made by the experimental group 
surpassed that made by the control group.  
 
 
 
 
 
 
 
 90
4.3.6 STATISTICAL ANALYSIS OF LUMBAR SPINE EXTENSION ROM AT 
L5-S1 
 
 
 
 
 
Graph 6: Lumbar spine range of extension at L5-S1 
 
 91
Table 12: Lumbar spine extension at L5-S1 intra-group comparison. 
Factor Control Group  Experimental Group 
Rx #1 Mean  9.88 14.2 
Rx # 6 Mean 15.95 18.2 
Rx # 12 Mean 18.82 23.3 
Normal Distribution Yes  No  
Statistically Significant 
Difference between Rx 
(p<0.05) 
 
Yes 
 
 
Yes 
 
p Value 0.00 0.03 
 
 
The table depicts intra-group analysis of changes in lumbar spine extension at L5-S1 for 
the two groups. Upon intra group analysis, a statistically significant difference was noted 
with regards to ROM of extension at L5-S1 in both the control and experimental groups. 
 
Upon intra-group analysis, the control group had a mean range of extension at L5-S1 of 
9.88 degrees (standard error mean ± 1.57) upon entry of the treatment program, and the 
experimental group had a mean range of extension at L5-S1 of 14.2 degrees (standard 
error mean ± 2.14). By the final treatment follow-up a statistically significant 
improvement of 8.94 degrees was displayed in the control group, while the experimental 
group showed a 9.10 degree improvement for the same period. 
 
Further analysis showed a statistically significant difference in the control group between 
the first and sixth and first and twelfth measurement intervals while the experimental in 
comparison demonstrated a statistically significant improvement only between the first 
and twelfth measurement interval. 
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Table 13: Lumbar spine extension at L5-S1 inter-group comparison at the initial, sixth 
and twelfth treatment sessions 
  
Rx Number 
Statistically 
Significant 
Difference 
 
p Value 
Normal 
Distribution 
1 No 0.12 No  
6 No 0.49 No  
12 No 0.13 No  
 
The above table shows inter-group comparison for both the control and experimental 
groups at the different measurement intervals. 
 
Lumbar spine extension at L5-S1 did not demonstrate a statistically significant difference 
with regards to inter-group comparison at any of the three different measurement 
intervals. 
 
Inter-group analysis in conjunction with the graph shows that the experimental group had 
had a greater mean range of extension at L5-S1, at the initial, sixth and twelfth treatment 
sessions when compared to the control group. It must be noted however, that the 
improvements made by the control group by final treatment session were obtained by the 
experimental group by the sixth treatment session.  
 
The ROM of extension at L5-S1 continued to increase for the experimental group by 5.10 
degrees between the sixth and final treatment session. The ROM of extension at L5-S1 
for the control group in contrast, appeared to level out in that same period. Thus it can be 
said that the experimental group faired better overall than the control group in terms of 
ROM in extension at L5-S1.  
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4.3.7 STATISTICAL ANALYSIS OF SORENSEN’S TEST (STATIC BACK 
EXTENSOR ENDURANCE TEST) 
 
 
 
 
 
 
Graph 7: Sorensen’s test 
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Table 14: Sorensen’s test intra-group analysis 
Factor Control Group  Experimental Group 
Rx #1 Mean  31.2 24.1 
Rx # 6 Mean 48.5 59.2 
Rx # 12 Mean 81.7 95.1 
Normal Distribution No No  
Statistically Significant 
Difference between Rx 
(p<0.05) 
 
Yes 
 
 
Yes 
 
P Value 0.00 0.00 
 
The table above depicts intra-group analysis of changes in Sorensen’s test measurement 
for the two groups. A statistically significant increase was noted for both the control and 
experimental groups individually in terms of isometric back extensor endurance 
measured in seconds.   
 
Further analysis showed that the control group revealed a statistically significant increase 
particularly between the initial and twelfth and the sixth and twelfth treatment intervals. 
The control group had an initial mean of 31.2 seconds (standard error mean ± 4.41), 
which showed a 17.3 second increase at the sixth treatment visit. 
 
The control group continued to show an improvement of 33.2 seconds between the sixth 
and twelfth measurement interval. Thus it can be said, that this group exhibited a greater 
improvement in the later part of the study period. Overall, the control group showed a 
50.5 second improvement in isometric back extensor endurance over the study period. 
 
With respect to intra-group analysis the experimental group showed a statistically 
significant difference between the initial and twelfth measurement interval. The 
experimental group had an initial mean of 24.1 seconds (standard error mean ±3.95) and 
exhibited an increase of 35.1 seconds at the sixth and an increase of 35.9 seconds at the 
twelfth treatment visit. In essence, the experimental group showed a progressive and 
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steady increase in isometric back extensor endurance for the entire duration of the 
research trial. 
 
The related graph shows for both groups a trend towards increasing time in seconds for 
the back extensor endurance test from the initial to the twelfth treatment session. Looking 
at the means in the table above in conjunction with the graph, it can be seen that for both 
groups there was a considerable increase in isometric back extensor endurance over the 
duration of the study period. 
 
Although both groups appeared to have performed equally well, a closer look suggests 
that the overall isometric back extensor endurance times for the experimental group 
surpassed that of the control group for the duration of the research study. 
 
Table 15: Sorensen’s test inter-group comparison at the initial, sixth and twelfth 
treatment session 
 
Rx Number 
Statistically 
Significant 
Difference 
 
p Value 
Normal 
Distribution 
1 No 0.24 Yes 
6 No 0.39 Yes 
12 No 0.60 No  
 
The above table shows the inter-group comparison at the initial, sixth and twelfth 
treatment session for the Sorensen’s test. Upon inter-group analysis, no statistically 
significant difference was noted between the two groups at the three measurement 
intervals with regards to the Sorensen’s test. 
 
The mean for the experimental group at the initial treatment session was less than that for 
the control group however, by the sixth and twelfth treatment sessions, the improvements 
made by the experimental group surpassed that of the control group. The related graph 
validates the aforementioned statements. 
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4.3.8 STATISTICAL ANALYSIS OF THE OSWESTRY LOW BACK PAIN AND 
DISABILITY INDEX  
 
 
 
 
 
 
Graph 8: Oswestry Low Back Pain and Disability Index 
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Table 16: Oswestry Low Back Pain and Disability Index intra-group analysis 
Factor Control Group  Experimental Group 
Rx #1 Mean  11.79 12.61 
Rx # 6 Mean 9.73 8.66 
Rx # 12 Mean 2.13 4.02 
Normal Distribution No No  
Statistically Significant 
Difference between Rx 
(p<0.05) 
 
Yes 
 
 
Yes 
 
p Value 0.01 0.01 
 
The above table shows the intra-group analysis of changes in pain and disability scores 
for both groups. A statistically significant difference was noted on intra-group analysis 
for both the control and experimental groups in terms of the pain and disability scores. 
 
The graph in conjunction with the table demonstrates a trend towards decreasing pain and 
disability scores for both groups from the initial to the twelfth treatment sessions. 
 
In the control group a statistically significant difference was noted particularly between 
the sixth and twelfth measurement intervals. The experimental group however showed no 
statistically significant change for the same period. 
 
A statistically significant difference was shown for both groups with regards to pain and 
disability scores between the initial and twelfth treatment session. Looking at the means 
in the table in association with the graph, the control group showed an initial mean of 
11.79 percent, which improved marginally by 2.06 percent and then by 7.60 percent at 
the sixth and twelfth treatment sessions respectively. 
 
The experimental group in comparison had an initial mean score of 12.61 percent, which 
decreased by 3.95 percent, and then by 4.64 percent at the sixth and twelfth treatment 
sessions respectively. 
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Table 17: Oswestry Low Back Pain and Disability Index inter-group comparison at the 
initial, sixth and twelfth treatment sessions. 
 
Rx Number 
Statistically 
Significant 
Difference 
 
p Value 
Normal 
Distribution 
1 No 0.82 Yes 
6 No 0.72 No 
12 No 0.40 No  
 
The above table shows the inter-group comparisons at the three treatment sessions. 
Although no statistically significant difference was noted, a closer look at the means in 
the table as well as the related graph indicate that both groups displayed a dramatic 
decrease in the pain and disability scores between the sixth and twelfth measurement 
intervals. In addition the graph demonstrates that the control group faired better than the 
experimental group at the sixth and twelfth treatment sessions. 
 
Clinically both groups showed a similar improvement in terms of pain and disability at 
the three measurement intervals.  
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4.3.9 STATISTICAL ANALYSIS OF THE NUMERICAL PAIN RATING 
SCALE 101 
 
 
 
 
 
Graph 9: Numerical Pain Rating Scale 101  
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Table 18: Numerical Pain Rating Scale intra-group analysis 
Factor Control Group  Experimental Group 
Rx #1 Mean  5.33 5.13 
Rx # 6 Mean 3.53 3.33 
Rx # 12 Mean 1.13 1.00 
Normal Distribution No No  
Statistically Significant 
Difference between Rx 
(p<0.05) 
 
Yes 
 
 
Yes 
 
pValue 0.00 0.00 
 
The above table shows the intra-group analysis of changes in low back pain scores for 
both groups. Upon intra-group analysis, a statistically significant difference was noted for 
both the control and experimental groups in terms of the pain scores. 
 
Both the control and experimental group showed a statistically significant difference 
between the first and sixth, the sixth and final and the first and final measurement 
intervals. The control and experimental groups responded similarly throughout the study, 
with statistically significant decreases in the low back pain scores.  
 
Both groups displayed a dramatic early decrease in pain levels of 1.8 points on the NPRS 
101 between the initial and sixth measurement interval. The score then levelled out for 
both the control and experimental groups by the final treatment session. 
 
The graph, showing the changes in numerals ranging from 1 to 10 demonstrates a 
decreasing trend for both groups for low back pain scores from the initial to the twelfth 
measurement intervals. 
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Table 19:Numerical Pain Rating Scale 101 inter-group comparison at the initial, sixth 
and twelfth treatment sessions 
 
Rx Number 
Statistically 
Significant 
Difference 
 
p Value 
Normal 
Distribution 
1 No 0.80 Yes 
6 No 0.82 No 
12 No 0.78 No  
 
The above table shows the inter-group comparisons at the three treatment sessions for 
low back pain scores. With respect to inter-group analysis, no statistically significant 
difference was noted for the paired groups at the initial, sixth and twelfth treatment 
sessions. Both groups showed a gradual and equal decrease throughout the study period, 
which indicates that both the supervised and home exercise groups faired equally well. 
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CHAPTER FIVE 
 
 
DISCUSSION 
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5.1 INTRODUCTION 
 
This chapter entails the discussion of the subjective and objective results in chapter four 
obtained through statistical analysis of the outcome measures which included measuring 
range of motion and isometric back extensor endurance as well as the respective 
questionnaires in assessing changes in quality of life and pain. The following hypotheses 
will be referred to: 
 
• Chiropractic care with the prescription of an independent home prescribed spinal 
rehabilitation program is more effective in the management of chronic non-
complicated lower back pain than chiropractic care combined with supervised 
spinal rehabilitation program. 
• Chiropractic care when combined with a supervised “in-office” spinal 
rehabilitation program is a more effective method in the treatment of chronic non-
complicated low back pain than chiropractic care with the prescription of a 
independent home spinal rehabilitation program. 
• Chiropractic care in association with either a supervised spinal rehabilitation 
program or a home prescribed spinal rehabilitation program has no effect 
whatsoever in the management of chronic non-complicated lower back pain. 
• A supervised spinal rehabilitation program is as effective as a home prescribed 
spinal rehabilitation program in the management of chronic non-complicated low 
back pain when combined with chiropractic manipulative therapy. 
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5.2 DEMOGRAPHIC DATA 
 
For this study, thirty participants with chronic non-complicated lower back pain (seven 
weeks or more), met the individual criteria, 27% of which were male and 73% were 
female. These 30 patients were randomly assigned to one of two groups i.e. the control 
group and the experimental group. The control group was treated with spinal 
manipulative therapy and a home prescribed spinal rehabilitation program. The 
experimental group in comparison was treated with spinal manipulative therapy and a 
supervised “in-office” spinal rehabilitation program. 
 
The treatment period for both groups was over six weeks. The two groups, composed of 
15 subjects each, differed significantly in terms of age, gender, occupation, duration of 
back pain and previous care for back pain. In addition, the two groups also differed in 
terms of subjective and objective outcome measurements. Descarreaux et al. (2002:502) 
mentioned that different age and gender populations have different need requirements 
regarding exercise prescription thus influencing the results with regards to the treatment 
of chronic low back pain. 
 
Thus when considering the results of this study, it should be noted that the inter-subject 
variability might have had an effect on the uniformity of the data. It is also worth 
mentioning that the data was collected from a small patient sample, which makes it 
difficult to firmly establish trends. A larger sample group might have been required to 
achieve sufficient statistical power. 
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5.3 OBJECTIVE DATA RESULTS  
 
5.3.1 Lumbar spine ROM in flexion and individual inclinometer reading findings 
 
Gross lumbar flexion, which was calculated as the difference between the inclinometer 
reading at L5 whilst flexing subtracted from that at T12 whilst flexing, displayed no 
statistically significant differences in intra-group and inter-group measurements.  
 
Clinically however both the control and experimental appeared to show an overall 
increase with regards to lumbar spine flexion. The hypothesis for a supervised spinal 
rehabilitation program being as effective as a home prescribed spinal rehabilitation 
program in the management of chronic non-complicated low back pain is thus valid in 
terms of the results achieved for lumbar spine flexion range of motion changes. This 
suggests that both treatment protocols showed an equal improvement with regards to 
gross lumbar spine flexion. 
 
An inclinometer reading taken at the level of T12-L1 whilst in flexion improved for both 
groups in the study. (Table 5 and Graph 3) 
 
The control group demonstrated a statistically significant difference with regards to 
lumbar spine range of motion in flexion at T12-L1 between the initial and twelfth 
treatment sessions. The control group displayed an increased change of 10.5 degrees 
between the initial and sixth treatment sessions and a 7.3 degree increase between the 
sixth and final treatment sessions. The control group thus showed a marked early 
improvement with regards to lumbar flexion at T12-L1. 
 
According to Hooper (1992:143), it is believed that patient education is a necessity for 
the overall treatment of all patients and the benefits of an active life style crucial in the 
recovery process. Hartfield & Bartley (2001:47) stated that compliance is more likely 
when given clear instruction and when the rationale and benefits of the prescribed 
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regimen are understood, as was the case in the control group. This could explain the 
improvements achieved in the control group. 
 
Overall the control group demonstrated a 17.8 degree increase which was slightly better 
than the overall value obtained by the experimental group. Therefore the hypothesis 
supporting home prescribed spinal rehabilitation programs as being more effective than 
supervised spinal rehabilitation programs in the management of chronic low back pain, is 
thus valid. 
 
Although no statistically significant changes were shown in the experimental group with 
intra-group analysis, the graph indicates a progressive improvement in lumbar flexion at 
T12-L1. This group demonstrated a 4.5 degree increase at the sixth treatment session. 
They continued to show an improvement of 8.8 degrees by the twelfth treatment session, 
which is almost double that gained in the first half of the program. This implies that as 
the strength and girth of the lumbar stabilisers improved so to do the extensibility of the 
muscles steadily improve in terms of the range of flexion at T12-L1. 
 
The treatment protocol applied to the experimental group allowed the researcher to spend 
more time motivating and guiding the patients at each consultation which could also 
explain the clinical and graphical improvement observed in this group. 
 
Upon inter-group analysis, no statistically significant deference was noted between both 
groups at the initial sixth or twelfth treatment session. Table 5 and Graph 3 show that the 
control group had a lesser mean range of flexion at T12-L1 at the initial consultation 
when compared to the experimental group. However the improvements made by both 
groups appear to level out by the sixth and final treatment sessions. Thus it can be said 
that both groups faired equally through the course of the study with no one treatment 
protocol showing an advantage over the other. 
 
Lumbar spine ROM in flexion at L5-S1 was obtained as the inclinometer reading taken at 
the level of L5-S1 whilst flexing. Both the control and experimental groups showed no 
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statistically significant changes on intra-group analysis. This may be attributed to the 
small sample size and possible patient variance.  
 
Clinically, both groups showed a similar trend towards an increase in range of flexion at 
L5-S1. With reference to Table 7 and Graph 4, it is clear that the control group displayed 
a 9.6 degree improvement between the initial and sixth treatment session. This group 
continued to show an improvement of 4.2 degrees between the sixth and twelfth 
treatment session. Again the control group displayed a greater improvement in the first 
half of the program. These improvements could be attributed to the enthusiasm displayed 
by this group in the first two weeks of the study, which maintained patient compliance to 
the prescribed regimen during that period. 
 
Ljunggren et al. (1997:1610-1617) stated that high compliancy could be attributed to 
frequent follow-ups and the motivational effect of that contact on the patients. This 
statement may prove true in the case of this study since the treatment frequency for the 
first two weeks of the study was three follow-ups per week. 
 
The experimental group showed a small increase with regards to the range of flexion at 
L5-S1 between the initial and sixth treatment sessions. However, between the sixth and 
twelfth treatment session, the improvements made by the experimental group were 
trebled. This group thus showed a notable improvement in the later part of the study. 
 
With regards to inter-group analysis, no statistically significant difference was noted for 
the paired groups with regards to the range of flexion at L5-S1. The hypothesis for the 
supervised spinal rehabilitation program being as effective as a home prescribed spinal 
rehabilitation program when combined with chiropractic manipulative therapy thus holds 
true. 
 
Graph 4 shows that even though the experimental group had a greater initial range of 
flexion at L5-S1 when compared to the control group, the improvements made by the 
control group surpassed that of the experimental group by the sixth treatment session. At 
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the twelfth treatment visit, however the improvements made by both groups seemed to 
level out implying that no one treatment protocol faired better than the other. 
 
5.3.2 Lumbar spine ROM in extension and individual inclinometer reading 
findings 
 
Gross lumbar extension, which was calculated as the difference between the inclinometer 
readings at L5 whilst extending subtracted from that at T12 whilst extending, displayed 
no statistically significant differences in intra-group and inter-group measurements. 
 
What can be seen from Graph 2 and Table 3 is that the control groups appeared to show a 
2.94 degree increase in lumbar range of extension between the initial and sixth treatment 
sessions. A smaller increase of 1.66 degrees was displayed between the sixth and twelfth 
treatment sessions, showing an overall improvement of 4.6 degrees.  
 
The experimental groups experienced a decrease in lumbar range of extension between 
the initial and sixth treatment session. This decrease was however statistically 
insignificant. This groups then showed a late improvement of 3.09 degrees between the 
sixth and twelfth treatment session, with an overall improvement of 2.73 degrees.  
 
It must be noted that the improvements attained by both groups at the end of the program 
remained well below the norm of 30 degrees for active lumbar spine extension. The 
improvements attained by both groups at the end of the program remained well below the 
norm. 
 
This poor improvement in gross lumbar spine extension could perhaps be attributed to 
more emphasis placed on the exercises targeting the lumbar flexors. Both groups reported 
ease or a preference towards performing the trunk curl over the spinal extension and 
pelvic tilt exercises. Perhaps another method of strengthening the lumbar extensor 
muscles should have been employed or alternated with those used in the program. This 
could have yielded a better improvement in gross lumbar range of extension. 
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 Lumbar spine range of extension at T12-L1 was obtained from the inclinometer reading 
taken at the level of T12-L1 whilst in extension. 
 
Intra-group analysis revealed a statistically significant change within both groups. The 
control group displayed a statistically significant change particularly between the initial 
and sixth, the sixth and twelfth and the initial and twelfth treatment sessions. This group 
demonstrated an 8.6 degree improvement at the sixth treatment session. Between the 
sixth and twelfth treatment visit, they displayed a 4.6 degree improvement which is half 
of that attained in the first half of the study. It is thus evident from Table 9 and Graph 5 
that the control group showed an early improvement towards increasing flexibility in 
lumbar spine extension at T12-L1. 
 
A statistically significant difference was noted for the experimental group between the 
sixth and twelfth and initial and twelfth treatment sessions. The experimental groups 
showed a small increase of 3.8 degrees between the initial and sixth treatment sessions 
with regards to lumbar range of extension at T12-L1. This group showed a notable 
increase of 8.5 degrees between the sixth and twelfth treatment session and the highest 
overall mean of 34.8 degrees for that measurement when compared to the control group. 
 
This could be attributed to the fact that the experimental group received motivation and 
guidance through each individual exercise in the rehabilitation program throughout the 
study period. In this group, equal attention was afforded for both the lumbar flexor and 
lumbar extensor muscle exercises.  
 
Lumbar spine ROM in extension at L5-S1 was obtained as the inclinometer reading taken 
at the level of L5-S1 whilst extending. Both the control and experimental groups showed 
a statistically significant change with intra-group analysis. The hypothesis for supervised 
spinal rehabilitation program being as effective as a home prescribed spinal rehabilitation 
program in the management of chronic non-complicated low back pain when combined 
with chiropractic manipulative therapy is thus valid. 
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 A similar trend towards increasing range of extension at L5-L1 was noted within both 
groups. The control group showed an early improvement of 6.07 degrees at the sixth 
treatment session and a smaller increase of 2.87 degrees between the sixth and twelfth 
treatment sessions. Consequently the control group displayed statistically significant 
differences between the initial and sixth and initial and twelfth treatment session. 
 
The experimental group showed a somewhat equal and gradual improvement throughout 
the duration of the study. A statistically significant difference was noted between the 
initial and twelfth treatment sessions for this group. This implies that the improvements 
made by the experimental group appear to be more stable than the improvements made 
by the control group. 
 
Inter-group analysis revealed a statistically insignificant difference for the paired groups 
at the initial, sixth, and twelfth treatment sessions. The hypothesis for a supervised spinal 
rehabilitation program being as effective as a home prescribed spinal rehabilitation 
program in the management of chronic non-complicated low back pain when combined 
with chiropractic manipulative therapy thus holds true. 
 
The experimental group had a greater initial mean range of extension at L5-S1 when 
compared to the control group at the start of the program. The improvements made by the 
experimental group surpassed that made by the control group at both the sixth and twelfth 
treatment sessions. These improvements were however insignificant indicating that none 
of the two treatment protocols faired better than the other. 
 
5.3.3 Sorensen’s test  
 
Intra-group analysis for Sorensen’s isometric back extensor endurance test revealed 
statistically significant differences within both groups. 
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The control group demonstrated a 17.3 second increase at the sixth treatment session and 
a remarkable 33.2 second increase between the sixth and twelfth treatment session. The 
control group showed a greater improvement in the later part of the program with an 
overall improvement of 50.5 seconds. Statistically significant difference was found 
between the initial and twelfth and the sixth and twelfth treatment session for this group. 
The initial mean extensor endurance time for the control group fell just below the range 
for individuals with low back pain as found by Moreau et al. (2001:110-120) 
 
The experimental group had a smaller initial mean endurance time when compared to the 
control group at the start of the program. This group exhibited an incredible increase of 
35.1 seconds at the sixth treatment session and an increase of 35.9 seconds between the 
sixth and twelfth session. The experimental group showed a statistically significant 
difference between the initial and twelfth treatment session indicating a progressive and 
gradual increase in isometric back extensor endurance time throughout the duration of 
this study. 
 
Inter-group analysis showed a statistically insignificant difference for the two groups at 
the initial, sixth and the twelfth treatment sessions. The initial mean endurance time for 
the experimental group may have been smaller than that of the control group, however, at 
the sixth and twelfth treatment session the improvements made by the experimental group 
surpassed that of the control group to a large extent. 
 
Overall this specific outcome measure showed a positive clinical trend for both groups 
over the duration of the trial period. 
 
The hypothesis for one treatment protocol being as effective as the other, as related to 
Sorensen’s isometric back extensor endurance test, is thus valid. 
 
 
 
 
 112
5.4 SUBJECTIVE DATA RESULTS  
 
5.4.1 Pain and Disability Questionnaires 
 
Pain rating on the NPRS 101 displayed statistically significant intra-group differences for 
both groups. Both groups showed a consistent improvement from the initial to the twelfth 
treatment session with respect to pain rating scores. Both groups showed a similar trend 
throughout the study with statistically significant decreases in the low back pain scores. 
 
It is interesting to note both groups displayed a dramatic early decrease of 1.8 points on 
the NPRS 101 at the sixth treatment session after which the score reached equal footing 
by the end of the program  
 
Clinically however the experimental group showed a greater decrease with regards to 
pain rating scores on the NPRS 101. The supervised “in-office” exercise program seems 
to be more effective in reducing pain scores than the home exercise program. 
 
Inter-group analysis showed no statistically significant difference with respect to low 
back pain scores. Both groups faired equally well throughout the duration of the study. 
The hypothesis for one treatment protocol not being more effective than the other at any 
of the treatment visits as related to the NPRS 101 scores is thus valid. 
 
The pain scale, which was considered one of the key outcome measures, was used to 
assess a patient’s pain level. The pain scale however is designed to assess the current 
level of pain which may account for the variation recorded on the NPRS 101 due to the 
fact that pain fluctuates and is depends on the demands and stresses placed on the 
individual on that day. 
 
The patients’ pain and disability levels were measured using the Oswestry Low Back 
Pain and Disability Questionnaire. Statistically significant reduction in the scores was 
revealed for both groups on intra-group analysis. 
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 At the sixth treatment session, both groups showed a similar decrease in disability scores, 
however at the twelfth treatment session the control group revealed a dramatic and 
remarkably significant decrease in pain and disability scores. 
 
The experimental group in comparison showed a somewhat gradual decrease throughout 
the duration of the study. The average pain and disability scores upon entry into the 
program were below the range of moderate pain and disability for both groups. Upon exit 
from the study, both groups reported virtually no pain or disability. This improvement 
can be considered to be a significant clinical improvement. 
 
The control group showed a statistically significant difference of 7.6 points between the 
sixth and twelfth treatment session with and overall decrease of 9.66 points with regards 
to pain scores. The control group also showed a statistically significant difference 
between the initial and twelfth treatment session.  
 
Although inter-group analysis showed no statistically significant difference, the control 
group showed lower values at the twelfth treatment session. 
 
There was a moderate positive correlation between changes in the Oswestry Pain and 
Disability Index and the NPRS 101. As these are both subjective measures of the patients 
physical states one would expect a positive correlation as the perceived level of 
functionality is directly reflective of there perceived level of pain. (Guerrico et al. 
1999:97)  
 
According to Descaurreaux et al. (2002:501) exercises targeting the lumbar stabilizers 
seem to have a positive influence on both the pain and disability levels as shown in the 
study. The hypothesis for both treatment protocols being as effective as the other when 
combined with chiropractic care is thus valid. 
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 6.1   CONCLUSION 
 
There were only few statistically significant differences between the control and 
experimental groups for many of the outcome variables. It is therefore evident from the 
analysis of data that both treatment protocols achieved the goal of reducing pain and 
disability in chronic low back pain sufferers as well as, increasing lumbar flexion and 
extension ROM and back extensor endurance. 
 
The control group received a course of chiropractic manipulative therapy directed 
towards the lumbar spine and pelvis and were prescribed with an independent home 
spinal rehabilitation program. This group showed objective statistically significant 
changes with respect to lumbar spine flexion at T12-L1 and L5-S1. 
 
The experimental group received chiropractic spinal manipulative therapy to the lumbar 
spine and pelvis; which was immediately followed by the same spinal rehabilitation 
program as the other group. The patients in this group were supervised, motivated and 
guided by the researcher through the entire exercise program for duration of the study. 
The experimental group demonstrated statistically significant changes with respect to 
lumbar extension at T12-L1 and L5-S1. 
 
The control group appears to have faired better than the experimental group with regards 
to the individual lumbar flexion readings. This could possibly be related to the fact that 
the patients reported greater ease in performing the lumbar flexor muscle exercises as 
opposed to the lumbar extensor muscle exercises. Since the control group exercised 
independently, it is also possible that they unintentionally placed more emphasis on the 
abdominal exercises during the course of the study. 
 
The experimental group in comparison achieved greater flexibility with regards to the 
individual lumbar extension readings. This group however, was carefully guided and 
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supervised through each individual exercise by the researcher and equal emphasis was 
placed on both the lumbar flexor and extensor muscle exercises. 
Having said that, both treatment protocols faired equally well with regards toROM 
measurements in the saggital plane. 
 
Both treatment protocols showed a similar trend towards an increase in Sorenson’s 
isometric back extensor endurance test with no one group exhibiting superiority over the 
other. This suggests that spinal rehabilitation of the lumbar stabilizers may help to 
increase the flexibility of the muscles concerned as well as increase the endurance 
strength of the lumbar extensors thereby decreasing pain and disability associated with 
chronic low back pain.  
 
The NPR 101 scores decreased in both groups irrespective of the treatments rendered. 
 
With regards to the subjective outcome measures, namely the Oswestry Low Back Pain 
and Disability Index questionnaire, both the control and experimental group 
demonstrated statistically significant improvements in pain and disability ratings. 
 
The control group demonstrated significant changes in percentage functional disability 
and low back pain at the sixth and twelfth and the initial and twelfth treatment intervals. 
The experimental group only showed an overall significant change between the initial 
and twelfth treatment interval. 
 
The possible reason as to why the experimental group exhibited a statistically significant 
change between the initial and final treatment visit may be that it took twelve sessions 
before the patients became confident in the program as well as themselves with regards to 
normal functioning. The control group, it appears, gained confidence in the program as 
well as themselves a lot earlier in the study. 
 
The aim of this study was to determine whether a treatment protocol of chiropractic care 
combined with a one-on-one supervised spinal rehabilitation program would prove to be 
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a more effective method increasing compliance to exercise in patients with chronic low 
back pain. The current study also set out to determine which of the two treatment 
protocols will be more effective in decreasing low back pain measurements and indices in 
chronic low back pain sufferers. 
 
It is evidently clear from the current study that the patients in the control group showed a 
good record of exercise compliance independent of motivation and supervision at the 
outset. This fact was confirmed by the exercise log sheets received from the control 
group at the end of the study. 
 
The written instructions with supportive diagrams detailing the exercise program together 
with the use of the gym ball, afforded a better alternative to a conventional floor exercise 
routine. This could possibly explain the high compliance rate of the patients in the control 
group. The use of adjunctive equipment such as the gym ball may have initiated a change 
in the approach to the exercise program. 
 
Although the supervised rehabilitation protocol did show improvements in the areas 
indicated, no predominance was exhibited between the two groups. It can therefore be 
concluded from the results of this study that supervised spinal rehabilitative approach 
demonstrated as good a response as the independent home prescribed approach, thus 
highlighting the positive effects of adjustment alone. 
 
 
6.2  RECOMMENDATIONS 
 
There are limitations with this type of study. However, the spinal rehabilitation program 
utilized in this research study provides a sound base from which future studies can build a 
more comprehensive program of muscular strength and fitness for patients with chronic 
low back pain. 
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The inclusion of a third concurrent group that will receive a course of chiropractic 
manipulative therapy as well as be prescribed with the home exercise program, as was the 
case in this current study, with the exception that they will not receive any supportive 
literature or diagrams of the program to assist them. The fact that a third comparison 
group was not utilized was a methodological flaw. 
 
The implementation of a one-month follow-up period to assess whether any or both of the 
treatment protocols maintained long term benefits or if the natural course of chronic low 
back pain was altered. 
 
A long-term rehabilitation program should be implemented over a three- month and or a 
six- month period to establish the extent of the effects, from the treatment protocols. 
 
The inclusion of a larger more homogenous sample population should be considered for a 
more adequate sample size and power of the study. 
 
Repetition of this study with the two groups having more uniformity with regards to age, 
sex, occupation, physical strength and disability levels. 
 
Repetition of this study with the one group receiving the combination of chiropractic care 
and supervised spinal rehabilitation program. The second group should receive 
chiropractic manipulative therapy with the implementation of the rehabilitation only once 
the course of chiropractic care is completed. This may determine whether early 
rehabilitation of the lumbar spine has a role to play in influencing the outcomes of the 
manipulative therapy. 
  
Future research based on the current study should include different methods of exercising 
the lumbar stabilizers so as to prevent accommodation of the exercises by the patients. 
This will aid in making the exercise program more challenging for patients. 
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While the specific exercises utilized in this study was concerned with the surrounding 
and supporting musculature of the lower back, the relevant pelvic musculature was 
omitted. Future research of a similar nature to the current study should address the pelvic 
musculature in addition to the lumbar stabilizing muscles since they also play a vital role 
in the lumbopelvic stabilization. 
 
Two areas of potential error in using the Saunders Digital Inclinometer to measure 
lumbar spine range of motion are examination error and instrument error. It is 
recommended that a second method of objective measurement be used to supplement the 
digital inclinometer readings. 
 
Repetition of this study measuring Sorenson’s test at every second treatment visit to 
determine in which treatment visit the greatest improvement was made. 
 
An objective endurance test assessment of the lumbar flexors should be included so that 
the lumbar flexor and lumbar extensor muscle endurance strengths can be statistically 
analysed and compared.  
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Appendix A: Advertisement Poster 
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FREE 
CHIROPRACTIC TREATMENT! ! ! 
 
 
DO YOU SUFFER FROM  
LOWER BACK PAIN? 
 
If you are between the ages of 18-55 years old. 
You could qualify to Participate in a Free  
Research study on a Back Strengthening Program, 
to beat Lower Back Pain! 
 
All treatment is FREE and is conducted in the supervised Technikon 
Witwatersrand Chiropractic Day Clinic, by a 6th year Chiropractic intern 
 
Interested parties should please call  
082 669 8779 
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Appendix B: Subject Information and Consent Form 
 
 
 
 
 
 
 
 
 
 
Dear participant 
 130
 The purpose of this study is to determine whether a supervised spinal strengthening 
program in conjunction with chiropractic care will have a more or less successful 
outcome for patients with subacute to chronic low back pain. 
 
You must be between the ages of 18 to 65 years to be able to participate in this study. 
After you have been selected to participate in this study, you will be divided into one of 
two spinal rehabilitation groups. This program is structured to strengthen the abdominal 
and lumbar extensor muscles utilizing the “Swiss” gym ball. You are requested to receive 
no other treatment for your condition. 
 
At the first consultation you will be required to complete a pain scale and a questionnaire. 
In addition, the active ranges of motion of flexion and extension of your spine will be 
measured with a digital inclinometer to record any limitations of movement. The 
Sorensen Test, which is a static back extensor endurance test, will also be performed. The 
details of this test will be explained further in the first consultation. 
 
This process will continue at the sixth and twelfth visits. Your lumbar spine will be 
evaluated and treated with chiropractic manipulative therapy at every visit. 
 
The potential benefits of the study are that the exercises could decrease pain and increase 
the strength of the spinal stabilizers thereby improving your quality of life. It is important 
that you the participant is aware that all participants in this study will contribute to 
medical knowledge, resulting in greater efficacy in the pain management of low back 
pain. 
 
Participation in this study is voluntary and you are free to refuse to participate or to 
withdraw your consent and discontinue participation at anytime. A signed copy of this 
consent form will be made available to you. I have fully explained the procedure and 
have explained their purpose. I have asked whether any questions have arisen regarding 
the procedures and have answered these questions you have had, to the best of my 
abilities 
 
 
 
Date: ______________________________ Researcher: __________________________ 
 
I have been fully informed as to my rights and as to the procedure to be followed in this 
study. In signing this consent form I understand that I am free to with draw my consent 
and discontinue any participation into this study at any time. I know that any questions, 
which I may have, will be answered. 
 
Date: ______________________________Participant: __________________________ 
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Appendix C: Clinic Forms and Documentation 
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Appendix D: Oswestry Low Back Pain and Disability 
Index and the 
Numerical Pain Rating Scale Questionnaires 
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Appendix E: Spinal Rehabilitation Program 
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SPINAL REHABILITATION PROGRAM 
 
WARM-UP 
The warm-up exercises are the first elements in any exercise routine. They are designed 
to stimulate the circulation, which increases the supply of oxygen and nutrients to the 
muscles. It also makes the muscles suppler and helps to prevent stiffness after exercise. 
The warm-up period should last between 10 to 15 minutes. 
 
You may choose one of the following methods to warm-up: - 
• Fast Walk 
• Light Jog 
• Cycle 
 
 
STRETCHING PROGRAM 
 
Stretching is particularly important since pain is usually associated with a degree of 
tension or spasm in the back muscles. It is also a vital part of any exercise program 
because it helps reduce the risk of injury while you are exercising and prevents post-
activity stiffness. 
 
 
There are a few simple rules to remember when stretching: - 
• ALWAYS stretch TWICE BEFORE and TWICE AFTER strengthening. 
• Hold each stretch for a MINIMUM of 10 seconds and a MAXIMUM of 30 
seconds. 
• BREATHE DEEPLY and SLOWLY to encourage relaxation. 
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Low Back Stretch 
 
 
 
1. Lie on your back with your head supported on a 
cushion or a pillow. Keep both knees straight. 
 
2. Bring your left knee up to your chest and grasp it 
with your hands. 
 
3. Slowly pull the leg towards your chest as far as you 
can without discomfort. Hold for 5 seconds. 
 
4. Slowly lower the leg to the starting position and 
repeat with your right leg. 
 
5. Now, repeat step 2 and 3, hugging both knees to 
your chest. Hold for 10 seconds. Feel your lower 
back gently stretching and lengthening. 
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Back Stretch 
 
 
 
1. Kneel down and sit on your heels. Tuck your chin 
down towards your chest and place your hands, with 
palms down, on the floor in front of you, shoulder-
width apart. 
 
2. Slowly extend your arms, letting your fingers 
“walk” your arms further away. You will feel your 
back stretching. When you are comfortably 
stretched, relax your arms and shoulders. 
 
3. Take a deep breathe, hold for a few seconds and 
then breathe out. Relax in this position for a few 
minutes, concentrating on your breathing before 
releasing. 
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Seated Low Back Stretch 
 
 
 
1. Sit towards the edge of the ball with your feet shoulder-width 
apart for support and firmly on the ground. 
 
2. Raise your right arm across your head and stretch your arm 
towards the left corner of the room. 
 
3. Now take the left hand and pull the right arm at the wrist to 
further increase the stretch. 
 
4. Hold the stretch for 10 seconds then release and repeat on the left. 
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Extended Lumbar Roll 
 
  
 
1. Lie on your back with your head resting on the pillow or a 
cushion. Stretch your arms out to the side and bend your knees. 
Cross the right leg over the left, keeping your left foot flat on the 
floor. 
 
2. Keeping your shoulders flat on the floor, gently roll your hips and 
legs to the left until your left foot reaches the floor. Feel the 
stretch in your right hip and lower hip. Relax and breathe 
normally for a few seconds.  
 
3. Keeping your legs crossed, slowly reverse the movement and 
return o the starting position. Now cross the left leg over the right 
and repeat the roll to the right. 
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Abdominal Muscle Stretch 
 
 
 
1. Sit close the edge of the ball with feet firmly on the floor and 
spaced apart for support. 
 
2. Slowly walk your feet forward and at the same time, lower your 
back on the ball until eventually your back is lying firmly on the 
ball. 
 
3. Allow your hands to either rest on your abdomen or hang on the 
sides. Take a few deep breathes in and hold for a few seconds 
before exhaling. 
 
4. Hold the stretch for 5 seconds before repeating. 
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Spinal Strengthening Program  
 
Many people who suffer from back trouble have weakened muscles in the back and 
abdomen and this can often be both a cause and an effect of poor postural habits. Good 
tone in the abdominal muscles is vital for a healthy back. Improving the strength of the 
back and abdominal muscles helps to support the spine and reduces the strain on the 
joints and ligaments.  
 
 
 
 
 
REMEMBER:- 
 
 
1. Increase the number of repetitions and sets as your muscles become stronger. 
 
 
2. If you experience any discomfort in your neck and back, check that you are 
doing the exercise correctly. If the discomfort persists, stop the exercise.  
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The Abdominal Exercises 
Trunk Curls 
  
 
1. Lie on your back on the floor, with your hips and knees bent and 
heels dug into the ball as shown in the picture. 
Alternatively 
Sit close to the edge of the ball with feet shoulder-width apart and 
firmly on the ground. Walk your feet forward until your back is 
resting firmly on the ball. 
 
 Place your hands either behind your head or across the chest. 
 
2. As you breathe out tense your abdominal muscles and curl up 
from the floor or the ball. It is important to lead the movement 
with your shoulders and not your elbows or head. 
 
3. Hold for 2 seconds, breathing normally, and then slowly return to 
the starting position, breathing in as you do so. Perform one set of 
15 repetitions. 
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Oblique Curls 
 
 
 
1. The starting position is that same as the abdominal curls.  
 
2. As you breathe out, tense your abdominal muscles and raise your 
left shoulder from the floor or the ball towards your right hip. 
Allow your head and neck to follow the movement. 
 
3. Raise your shoulder as far as is comfortable. Then slowly lower 
yourself back to the starting position, breathing in as you do so. 
 
4. Now repeat the exercise raising your right shoulder toward your 
left hip. Perform one set of 15 repetitions.  
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The Low Back Exercise  
Pelvic Tilt Exercise 
 
 
 
1. Lie with your back on the floor with your hips and knees bent and 
heels dug into the ball. Place your hands with palms down on the 
floor for support. 
 
2. Contract your abdominal and buttock muscles and raise your 
pelvis from the floor. Ensure that your back does not arch 
upwards. 
 
3. Hold this position for 10 seconds, contracting your abdominal 
muscles firmly. Make sure that your weight is taken by your 
upper back and shoulders to reduce strain on your neck. 
 
4. Slowly lower yourself to the starting position. Repeat 10 more 
times. 
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Quadruped Exercise  
 
 
 
1. Position yourself on all fours over the ball, making sure that your 
knees are directly under your hips and your hands are under your 
shoulders. Also ensure that the ball is not to high and the your 
hands and knees contact the floor. Fix your gaze on the floor just 
in front of your hands and keep your neck in line with your spine. 
 
2. Contract your abdominal muscles and slowly extend and then 
raise your left leg until it is level with your hip whilst slowly lifting 
your right arm until it is level with your shoulder. 
 
3. Hold this position for 2 seconds before slowly lowering your arm 
and leg and return to the starting position. Repeat this exercise, 
lifting your right leg and left arm. Perform one set of 20 
repetitions.  
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Lumbar Extension Exercise 
 
 
 
1. Kneel on the floor with your feet against the wall for support if 
needed and place the gym ball straight in front of you. Lean over 
the ball until your chest and abdomen is firmly supported on the 
ball. Rest your arms out at shoulder level and place your 
fingertips behind your ears. 
 
2. Slowly raise your shoulder from the ball as high as you 
comfortably can, feeling your back muscles contracting to lift you. 
 
3. Hold this position for 5 seconds and then lower your shoulders 
slowly back to the ball. Rest for a few seconds and then repeat this 
exercise 10 times. 
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Appendix F: Exercise Log Sheet 
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  Exercise Log Sheet   
      
Please complete this log record each time you perform the spinal rehab program  
      
Patient Name: __________________________________   
      
Date How did you  How did you Any pain incurred Number of  Time held 
  feel before the  feel after the as a result of the sets and for each   
  exercise exercise exercises reps? exercise 
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
 
 
 
